Particulas atmosféricas sobre los océanos:

-Transporte atmosfeérico global de microorganismos
-efectos del polvo sobre los ecosistemas marinos.

Jesus Maria Arrieta
Instituto Espanol de Oceanografia. Centro Oceanografico de Canarias.
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The Malaspina 2010 Expeditién

December 2010- July 2011
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>30,000 nautical miles in the Atlantic, Indian and Pacific Oceans.
Over 500 samples of air and water from 0-4000m depth
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Why do we care about airborne microbes?

* Airborne microbes are believed to be important for:
* Propagation of diseases

* Formation of clouds at low latitudes

* Maintenance of microbial diversity in surface environments
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What is known?
What are the questions?

e Little information on abundance.
* How many?

* Even less information on fluxes.
* What are the fluxes?

 Very little is known about their identity.
* Who are they?
* Where do they come from?

* Most information from terrestrial and coastal systems, no
information over the oceans.

 What is found offshore?
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Prokaryotic abundance

Prokaryotps m-3

180°W  120°W 60°W 0° 60° 120°E  180°W
Range Median
Prokaryotes(cells m3 air) 500-80,000 6,700
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Eukaryotic abundance
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Unicellular eukaryotes m . . .
180°W 120°W 60°W 0° 60°E 120°E 180°W
Range Median
Eukaryotes(cells m-3 air) 100-180,000 3,200

(mainly fungal spores)
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Abundance between 500 and 80,000 cells m3

About 20% of microbes remain suspended >1000 km

Exchange rates 10°-107 microbes m= d-
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Where do they come from?
Abundances that can be supported by the ocean

prokaryotes in SW
(x108 mL™")
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Excess prokaryotes (cells m3)

Excess eukaryotes (cells m-3)
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1000 Number of cells that
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. ; - ' oceanic spray flux increases
with proximity to land
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Small islands in the Pacific make a big
difference
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Log % of sequences in a sample

Are there common/characteristic air inhabitants?
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% samples where OTU appears

Most abundant genus, found in every sample over the global ocean Aquabacterium sp
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Seqguencing of amplicon pools

4 )
Two-step PCR Method
° \
o P5 Index 1 Insert to be sequenced Index 2 P7
A Target-specific PCR
B Addition of indices and sequencing adaptors by PCR
C Final amplicon ready to be sequenced
\_ /

Specific primers for 16S rDNA (prokaryotes) or 18S rDNA (eukaryotes)

Index sequences allow mixing of many samples in one run
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>5e9303cededbef355cch126e5e666f6d9afd0876
AGCTCCAATAGCGTATATTAAAAGTTGTTGCGGTTAAAAAGCTCGTAGTTGGATTTCTGCTGAAGCAAACCGGTCCGCCCTCTGG

AGAGTGTTTCAAGCAGGCCATTGCCTTGAATACACTAGCATGGAATAATATGATATGACTGTGGTTTTATTTTGTTGGCTTTTAGA
AGTAATGGTTAATAGGGATAGTTGGGGGCATTCATATTTAACTGTCAGAGGTGAAATTCTTGGATTTGTTAAGGATGAACGACTG
GCATTTGCCAAGGATGCTTTCA

>44169337c1df3271fb64e5e608cf8c0f75242ced
AGCTCCAATAGCGTATATTAAAGTTGTTGCGGTTAAAAAGCTCGTAGTTGGATTTCTGCTGAAGACAACCGGTCTGCCCTCTGGGTGAGC
ATCTGGTTTGGATTCGGCATCATCTTAGAGAACGTAGCTGCACTTGACTGTGTGGTGCGGTATCTTAGACTTTTACTTTGAGGAAATCAG
AGTGCTTCAAGCAGGCGAATGCCTTGGATACATTAGCATGGAATAATATTTTAGGACCTTGGTTCTATTTTGTTGGTTTCTAGAATTGAGG
TAACGTTTAATAGGGATAATTGGGGGCATTCGTATTTAACTGTCAGAGGTGAAATTCTTGGATTTGTTAAAGACGGACCAATGCGAAAGC
ATTTGCCAAGGATGTTTTCTT

>548d656b0e8bac3dda9d385c7fa3clclbebc84ca
AGCTCCAATAGCGTATATTAAAGTTGTTGCGGTTAAAAAGCTCGTAGTTGGATTTCTGCCGAGGACGACCGGTCCGCCCTCTGGGTGTGT
ATCTGGTTTGGCCTGGGCATCTTCTTGGAGAACGTAGCTGCACTTGACTGTGTGGTGCGGTGTCCAGGACTTTTACTTTGAGGAAATTA
GAGTGTTTCAAGCAGGCACACGCCTTGAATACATTAGCATGGAATAATAAGATAGGACCTTGGTTCTATTTTGTTGGTTTTCGGGACTGG
AGGTAATGATTAAGAGGGACTGACGGGGGCATTCGTATTGCGGTGTTAGAGGTGAAATTCTTGGATCGCTGCAAGACGAACGACTGCG
AAAGCATTTGCCAAGAATGTTTTCA

>4aeac6e971fa738019a751a3c85758a2a1a0d9%4a
AGCTCCAATAGCGTATATTAAAGTTGTTGCGGTTAAAAAGCTCGTAGTTGGCTTTCTGCCGAGGACGACCGGTCCGCCCTCTGGGTGTGT
ATCTGGTTTGGCCTGGGCATCTTCTTGGCAAACGTAGCTGCACTTGACTGTGTGGTGCGGGGTCCAGGACTTTTACTTTGAGGAAATTA
GAGTGTTTCAAGCAGGCACCCGCCTTGAATACATTAGCATGGAATAATAAGATAGGACCTCGGTTCTATTTTGTTGGTTTCTAGAGCTGA
GGTAATTTATTAATAGGGATAGTTGGGGGCATTCGTATTTAACTGTCAGAGGTGAAATTCTTGGATTTGTGAAAGACGGACTACTGCGAA
AGCATTTGCCAAGGATGTTTTCA
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50c013d0ab498b2605ab73ae7f009e11a9f39523
D _0_ Eukaryota;D_1 SAR;D 2 Alveolata;D_3__ Dinoflagellata 0.670

904c1fOecfed354fca75b6adbb1484beabd8f4a5
D 0 Eukaryota;D 1 SAR;D 2 Alveolata;D_3_Dinoflagellata 1.000

85f7713e8a3b85aad8b557b0976b3b7cc595c7b6
D _0_ Eukaryota;D_1 SAR;D 2 Alveolata;D_3_ Dinoflagellata;D_6__Suessiaceae;D_7_ _Pelagodinium;D_8 Pelagodini
um beii 0.700

Fd45f62b5e4653aa42eb36acd0e648d4159a0520
D 0 Eukaryota;D 1 SAR;D 2 Alveolata;D_3_Dinoflagellata;D_6__Kareniaceae;D_7__Karlodinium;D_8 uncultured
marine alveolate 0.900

99c928c392d75b3e474b2a67cc5a4b8dd992ddda
D 0 Eukaryota;D 1 SAR;D 2 Alveolata;D_3_Dinoflagellata;,D_6__Kareniaceae;D_7__Karlodinium;D_8 uncultured
marine picoplankton 0.670

9ab00e11c05c0478e222a30310382084267b6d94
D _0_ Eukaryota;D_1 SAR;D 2 Alveolata;D_3__ Dinoflagellata 0.500

380e4384d59c9e6388270ccf5813fc077b85dcbe

D 0 Eukaryota;D 1 SAR;D 2 Alveolata;D_3_Dinoflagellata;D_5_Gymnodiniphycidae;D 6 _Gyrodinium;D_7 uncul
tured eukaryote 0.590
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* Pooled samples are separated
(demultiplexed) using the index
sequences

* Two reads per sequence are
quality filtered and assembled

* Reads are dereplicated, grouped
into 97% similarity clusters
(OTUs)

* Each OTU is compared to a
database of known sequences
to assign taxonomic identity

* Original sequences are mapped
to each OTU and a OTU table
(BIOM file) is created.

FINAL OUTCOME

OTU table describing the relative
abundance of each OTU in each
sample.
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OTU accumulation curve.
Airborne prokaryotes over the global ocean
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Percentage of Sequences

|dentity of airborne prokaryotes over the ocean.
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Class
Acidimicrobiia

Actinobacteria
Alphaproteobacteria
Bacilli
Betaproteobacteria
Cyanobacteria
Cytophagia
Deferribacteres
Deltaproteobacteria
Flavobacteriia
Gammaproteobacteria
Thermoplasmata

9)
o

N
(&)

1.North Atlantic  2.South Atlantic  3.Indian Ocean 4 W Pacific 5.Central Pacific 6.E Pacific 7.Central Atlantic

Based on 16S rDNA amplicons ~250 bp in the V4 region
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away from land

About 20% of microbes remain
suspended >1000 km
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Figure 3 Origin of the prokaryotic sequences. The pie charts represent the transport
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Supplementary Table 2
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Contrasting effects:

* Nutrients stimulate phytoplankton primary production
* Phosporus
* lron

e Pollutants inhibit phytoplankton primary production

* Heavy metals (Cu...)
e QOrganic pollutants
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land surface properties
and dust availability

temperature, precipitation
changes in soil moisture
and vegetation

N anthropogenic
1 land-use
change

wind speed

dust entrainment efficiency
precipitation

dust transport efficiency

aeolian iron supply
to the open ocean
relief of Fe limitation,

ecosystem stimutation of N,
composition, fixation
CaCoO, production &

ballasting denitrification

ocean CO, sequestration

. B e ) radiative forcing
e '_..?F\"."'
v. R . cloud cover, sea-ice, SSTs,
climatic N,O and CH, marine
state productivity

radiative forcing

halocarbon, alkyinitrate, & DMS
emissions to atmosphere

radiative forcing and production of

cloud condensation nuclei (CCN)

Fig. 1. Schematic view of global ron and dust connections. Highlighted are the four critical
companents (clockwise from top): the state of the land surface and dust availability, atmospheric
aerosol lboading marine productivity, and some measure of climatic state (such as mean global
surface temperature). The sign of the connections linking these varies; where the correlation is
positive (for example, increased atmospheric aerosol loading — increased marine productivity),
the line is terminated with a solid arowhead. Where the correlation is negative (for example,
increased marine productivity — lower CO, and a colder climate), the termination is an open
circle. Connections with an uncertain sign are terminated with an open arrowhead. The
mechanism by which the link acts (for example, the impact of a change in atmaspheric CO, is
via the radiative forcing of climate) is displayed in italics Finally, the “water tap"” symbols
represent a secondary mechanism modulating the effect of a primary mechanism; for instance, a
change in global precipitation strength and distribution will alter the efficiency with which
entrained dust is transparted to the apen acean. If a path of successive connections can be traced
from any given component back to itself, a dosed or feedback loop is formed. An even number
including zero) of negatively correlated connections counted around the loop gives a positive

edback, which will act to amplify a perturbation and tend to destabilize the system. Conversely,
an odd number of negative comrelations gives a negative feedback, dampening any perturbation
and thus stabilizing the system. For instance, atmospheri aerosol loading — marine productivity —
climatic state — dust availability — atmospheric aerosol loading contains two negative and two
positive correlations and thus is positive overall. In contrast, marine productivity kboping back onto
itself contains a single negative correlation and thus represents a negative feedback.

It is hypothesized that:

* Elimination of the biological pump
would result in 200ppmv increase in
atmospheric CO,

e QOcean fertilization (by increased dust
input) could enhance the biological
pump by 8-40 ppmv

Jickells, T.D.et al. (2005) Global iron connections
between desert dust, ocean biogeochemistry, and
climate. Science 308: 67—71.



Trichodesmium sp.
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Structural analysis of the Trichodesmium nitrogenase iron protein:
implications for aerobic nitrogen fixation activity

FEMS Microbiology Letters
Volume 153, Issue 2, pages 303-309, 17 JAN 2006 DOI: 10.1111/j.1574-6968.1997.tb12589.x
http://onlinelibrary.wiley.com/doi/10.1111/j.1574-6968.1997.tb12589.x/full#f2
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Las “microalgas”, un
fenomeno frecuente

Las microalgas llegan al norte de
Tenerife y asombran en La Palma

El presidente del Gobiemo
de Canarias, Femando Clavijo, de
viaje al Libano, pide apagar la
polémica por razones turisticas

PSOE y NC acusan al jefe del
Ejecutivo regional de una *gestion
desastrosa, sin liderazgo, ni
protocolo ni gabinete de crisis"

Greenpeace apunta a las aguas

residuales y UGT tacha al Gobiemo
negligente” por no basarse

un estudio serio sobre el fenomeno
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El Gobierno y el Cabildo desmienten
al subdelegado: “No existe relacion
enlre vertidos y microalgas”
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GRAN CANARIA CERTIFICA LA
CALIDAD DE SUS VERTIDOS

Aguas. Morales acusa a Clavijo de mezclar licencias con calidad

derrumbes en
la carretera
de La Aldea

LAS PALMAS

Microalgas. Sin evidencia cientifica de que afloren por residuos rzys

Las bacterias
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Before

0.1 mm

0.1mm
—

Berman-Frank, I., Rubin, M., and
Shaked, Y. (2011) Dust- and mineral-
iron utilization by the marine
dinitrogen-fixer Trichodesmium.
Nature Geoscience 4: ngeol1181.
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Nitrogen fixation in the ocean

fertilizer
production

combustion
lightning I\ )

&

- Vea

oz oe | sown o 50TeN
by Trichodesmium sp

140 = 50%

Bergman et al. 2013

Global nitrogen fixation, natural and anthropogenic in both oxidized and reduced forms through combustion, biological fixation, lightning and
fertilizer and industrial production through the Haber-Bosch process for 2010. The arrows indicate a transfer from the atmospheric N;

reservoir to terrestrial and marine ecosystems, regardless of the subsequent fate of the N.. Green arrows represent natural sources, purple
arrows represent anthropogenic sources.

Fowler, D. et al. (2013) The global nitrogen cycle in the twenty-first century. Philos Trans R
Soc Lond B Biol Sci 368.. 1S.




Summary

 Dust transports large numbers of microbes
* Helps keeping microbial diversity in natural ecosystems
» Can transport pathogens

» Dust fertilizes the ocean

* Removes CO2 from the atmosphere throught the biological pump

* Feeds the ocean
» Enhances productivity
* Anchovy stocks in the Pacific have been linked to dust

 Dust can trigger blooms of Trichodesmium

* Fertilizes the ocean with Nitrogen
» Can be a nuissance in turistic areas

Instituto Espanol de Oceanografia. Centro Oceanografico de Canarias.



