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Objective

e There is a growing interest in investigating living microbial species
transported over large distances via air to remote cold glaciated regions.

* These microorganisms are deposited and stored together with particulate
atmospheric impurities on very high mountains and polar ice caps.

Study the composition of microbial communities
in aerosol, snow and ice samples



Introduction

» Aerosol and snow samples
were collected from remote
glaciated areas in the
Antarctica, Alps, and the
Andes.

» Aerosol samples were selected
from a set of filters collected at
the coastal Antarctic Station
Dumont d’Urville.

*Alpine snow samples were
collected from very high
elevation sites in the Mt. Blank
area of the Alps (Europe) and
in the Andes the summit of
Nevado Illimani, Bolivia (South
America).

Dumont d’Urville
Terre Adélie
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Methods

Enrichment cultures for different microorganims (algae, fungus, bacteria.....)

Cyanobacteria and algae:
*A sterile glass bottle was filled to a depth of one centimeter with glass beads
(diameter 3 mm) and filled with about 10 ml of sterile medium (BBM, BG-11).

« After addition of certain sample glass bottles were cultivated in an illuminated
(~100 W.cm?) refrigerator (temperature 5-8 °C) with a light regime of 18 hours of
light and 4 hours of dark.
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No.1 = Medium Z, ZEHNDER in STAUB (1961): for most of cyanophytes. Into ca 750
ml distilled water add 10 ml of individual macroelement stock solutions, 10 ml of Fe-
EDTA, 0,08 ml of Gaffron's microelements, and refill with distilled water to 1000 ml.

Makroelements Gaffron's microelements (100 ml)
NaNO, 46,7 g/L | NiSO,(NH,)2S0,.6H,0 | 19,8 mg KBr 11,9 mg Mineral mediums for
Ca(NO,),.6H,0 59¢/L V,0,(80,);.16H,0 3,1 mg H,BO, 31 mg ) tot h
K,HPO, 3,1g/L (NH,)6Mo,0,,.4H,0 88mg | MnSO,4H,0 | 223mg miCro-autotropns
MgS0,.7H,0 2,5¢g/L ZnS0,.7TH,0 28,7mg | Cr(NOs);.7H,0 | 3,70 mg
Na,CO, 2,1¢g/L Cd(NO,),.4H,0 154mg | Co(NO,),.H20 | 14,6 mg .
Ap(S0,);K,80,24H,0 | 47,4 mg KI 8,3 mg Mlcro—autotrophs have
Na,WO,.2H,0 33mg | CuSO,SH,0 | 12,5mg been routlnely recorded 1n
Fe-EDTA (500 ml) ciq .
0,138mg FeCl;.6H20 in 5ml 0,1N HCI + 0,186mg Chelaton III in Sml 0,1N HCI duSt S and aerOSOIS Wlthln d

No.2. = Medium BB (Bristol modif. Bold), BOLD (1949): for most of algae. Mix 10 ml of wide range of latitudes
sol. "a", 1 ml "b", 1 ml "c", 1 ml "d", 1 ml "e" and refill with destilled water into 1 000 ml.

Stock sol."a" (1000ml) Stock sol."b" (100ml) Stock sol."e" (100ml)

NaNO, 25g Chelaton I1I 5,0g ZnS0,.7H,0 0,882¢g
CaCl,.2H,0 2,5g KOH 3,1g MnCl,.4H,0 0,144¢g
K,HPO, 7,5g Stock sol." ¢ 100ml) Na,Mo00,.2H,0 | 0,242¢g
KH,PO, 17,5¢ FeSO,.7H20 | 0,498¢g or MoO; 0,071g
MgS0,.7H,0 | 7,5g H2S0, conc. 0,1ml CuS0O,.5H,0 0,157g
NaCl 2,5g Stock sol."d" (100ml) Co(NO3),.6H,0 | 0,049¢

H,;BO;, 1,142¢g
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Results

 Large-celled, culturable pigmented

aerosol samples.

* In original samples the brownish cell
aggregates of many um in size (10 to 50 um)
were frequently found, however, during
cultivation in liquid media from those mats,
single cells were disengaged.

* Transmission electron microscopy also
showed that the cells are wrapped into several
mucilage layers.

» However, epifluorescence microscopy
showed that it is a prokaryotic microorganism
without chlorophyll fluorescence.

« The absence of photosynthetic pigments was |
confirmed with liquid chromatography.
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Conclusion

The absence of micro-autotrophs in cultivation attempts is surprising
because cyanobacteria and algae have been routinely recorded in dust
s and aerosols within a wide range of latitudes

What are the pigmented bacteria?

Institute of Botany Centro de Astrobiologia
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Professor Amils group in Center of Astrobiology
Extremophiles

Extreme environments
Rio Tinto

Southwest of Spain
pH=2,5
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Conventional and molecular ecology techniques
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Cloning and sequencing of 16S rRNA gene
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Denaturing gradient gel electrophoresis (DGGE)
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Objective

Identification of pigmented cell cultures and phylogenetic

study of these particular microorganims

© Elster et al., 2007
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Cloning and sequencing of 16S rRNA gene
ggcieria/Archaea Ligation O O O

Enrichment domain primers reaction

., . .
culture DNA — ( )
16S rRNA
genes from the '
different bacteria Tran§f0m1ng
reaction

that we have in the

culture (competent E.coli)

120 190
AACGGGTGAGTAAGACATGGGT(

d
<«

Sequencing O

Plasmid  Miniprep:

Phylogenetic BLAST: Identification of from Recovering
Study of each Bacteria comparing with clon 1 of the plasmid
identified bacteria | | NCBI database
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Cloning and sequencing of 16S rRNA gene

* § different enrichment cultures with pigmented cells were analyzed
Alps (Vallot, Mont Blank area)
Alps (Col du Midi, Mont Blank area)
Andes (Nevado Illimani, Bolivia)
Antarctica aerosol (Aeroplankton)
Antarctica soil (Artgas)

* Primers: Bacteria domain, Archaea domain and Cyanobacteria and chloroplasts

* BLAST
o T h e AR B P I’O] e Ct Lehrstuhl flir Mikrobiologie
- Lehrstuhl fir Rechnertechnik und Rechnerorganisation

Technische Universitat Minchen

Sequences were added to a data base of over 50,000 homologous prokariotic 16S rRNA primary structures by using
the aligning tool of the ARB software package (http://www.arb-home.de).

Phylogenetic trees were generated using parsimony, neighbour-joining, and maximum-likelihood analyses with a
subset of 200 nearly full-length sequences (>1,400 bp). Filters, which excluded highly variable positions, were used.
In all cases, general tree topology and clusters were stable. A consensus tree was generated.
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Cyanobacteria

Results
After analyzing more than 200 clones:
Only Bacteria domain %
%, 4
3 different phylum: O%J)C’e/ew
* Proteobacteria (Alpha, Beta
Chlamydiae
y Gamma) Verrucomzcmbyza
° Actinobacteria Thermomicrobia

* Bacteroidetes

12 different genus

Common species between
cultures from different places

Firmicutes

Actinobacteria

\Koraarchaeg
3

Crenarchaeota

Euryarchaeota

§

Fusobacteria

Bacteroidetes /
Flavobacteria /
Sphingobacteria

€—Proteobacteria

O-Proteobacteria

Ol- Proteobacteria

lB/ Y-Proteobacteria
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cta/Gammaproteobacteria | . Cyanobacteria
9
ctinobacteria § : Pseudomonas aeruginosa et rel.
SN
>z I\ ) .
0,9-» ¢; n\; 5 Pseudomonas alcaligenes et rel
% 4'0 I3 .é" Pseudomonas alcalophila strain AL15-21, AB030583
,o/ Qo >, E S Spi Pseudomonas mendocina strain PC1, AF232713
Yy, e, % T -§ oprrocguetes Bsgtgomanas pleiastrens iy paNR 08hs 4P3he404
%, S NN Pseudomonas mendocina strain ATCC 25411, M59154
J/Oe ’*Q{ A Pseudomonas pseudoalcaligenes strain LGM 1225T, Z76666
/eJ. ) B > d / Pseudomonas oleovorans strain ATCC 8062, AF094735
A, Q . acteroidetes Pseudomonas pseudoalcaligenes sirain DSV 50018, 276675
Z, Fibrobacteres . Pseudomonas sp. strain IC017, AB196245
s, . Flavobacteria / Cothm dig o
Chlamydiae /1;0 . . LIJJncuI(ljured bacterium frorquar‘lAne %e7dlmenls LCP -79, AF286035
; d . ’seudomonas sp. strain f
Verrucomicrobia Chlorobia Sphln}IObaCterla Pseudomonas me%docfna strain ATCC 25413, AJ006109
Thermomicrobia OP3 )
Pseudomonas stutzeri et rel
€—Proteobacteria
Ch loroﬂexz s Pseudomonas indica et rel
OP2 - Proteobacteria
v 9 . Pseudomonas korensis et rel
X ¢ Fusobacteria
O@‘“ < § Pseudomonas putida et rel
< § Y
(@)
SN E§ Koraarchaeo ;
®0 &@ 5,\\ Pseudomonas chlororaphis et rel
X () S »
Q& N $ O.-Proteobacteria
*
Q Q Pseudomonas jessenii et rel
¢ S ¢
& 8
&'Q gs’ Pseudomonas putida et rel
T~
§ Pseud
0.1 ‘{? Crenarchaeota Pseudomonas veronii et rel. Seu om on as
Firmicutes .
B/ 'Y-P roteobacteria Pseudomonas azotoformans et rel.
Pseudomonas brenneri et rel.
Pseudomonas fluorescens et rel.
— Pseudomonas synxantha et rel.
Leptospirillum ferrooxidans strain DSM 2705, X86776

Euryarchaeota

Cotm difi2
Aeo pankb n &
lim &« @
Uncultured bacterium, AF523005
Uncultured bacterium, AF522999
Limnobacter thiooxidans strain CS -K2, AJ289885

Uncultured bacterium, AY625137

Uncultured bacterium, AY957909

Uncultured bacterium, AY957927

Uncultured bacterium, DQ354727

Uncultured bacterium from  biofilms of polluted rivers, AJ422170
Uncultured bacterium from  biofilms of polluted rivers, AJ422171

lim & ¢
Cotm di § 0
Uncultured bacterium from  biofilms of polluted rivers, AJ422167

Uncultured bacterium, AF523001
Hydrogenophaga palleronii strain CCUG 20334, AF078769

Hydrogenophaga palleronii strain DSM 63, AF019073
Hydrogenophaga taeniospiralis strain ATCC 49743, AF078768

Antarctic bacterium strain R -9284, AJ441011
Hydrogenophaga flava strain CCUG 1658, AF078771

Hydrogenophaga atypica strain BSB 41.8, AJ585992
Hydrogenophaga defluvii strain BSB 9.5, AJ585993
Arsenite oxidizing bacterium strain NT -6, AY027499

" Malikia spinosa strain ATCC 14606, AB021387

\‘ Leptospirillum ferrooxidans strain DSM 2705, X86776

Hydrogenophaga

Uncultured bacterium, AB186830
Uncultured bacterium, AJ412674

Burkholderia  gladioli strain LMG11626, U96934
Burkholderia  plantarii strain LMG9035, U96933
Candidatus “Glomeribacter ~gigasporarum ", X89727

Leptospirillum ferrooxidans strain DSM 2705, X86776

Limnobacter
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Shinella granuli strain Ch06, AY995149
Uncultured bacterium, DQ813972

Uncultured bacterium, AF525839

Rhizobium sp. bacterium strain R -24658, AM084043
Uncultured bacterium, AY662032
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Rhizobium

lllimani_c8

Coldumidi_c10

Agrobacterium  sp. strain IrT -JG14 -14, AJ295675
tumefaciens strain IrT-JG -6, AJ295683

Agrobacterium
Agrobacterium  albertimagni strain AOL15, AF316615

Rhizobium  radiobacter strain UP -3, AY364329
Rhizobium  radiobacter strain DMS 30105, M11223
Rhizobium  radiobacter strain TJ6, AF508094
Rhizobium  radiobacter strain C4, AF508093
Uncultured bacterium, AF422650

Rhizobium  radiobacter strain S4, AF508097

Uncultured bacterium, AY138994
Agrobacterium  larrymoorei ~strain 3 -10, Z30542
Agrobacterium  tumefaciens  strain NCPPB1650, D01262
Rhizobium  vitis strain NCPPB3554, D14502

Rhizobium undicola strain LMG 11875, Y17047

Rhizobium genosp strain BDV5102, 94806
Rhizobium  leguminosarum _strain LMG 9518, X67233
Rhizobium tropici strain IFO 15247, D11344

Rhizobium  rhizogenes strain IFO 13257, D14501

Rhizobium  etli strain CIAT151, AF313904
Rhizobium leguminosarum  strain DSM 30132, AY509899
Rhizobium  gallicum strain R602sp, U86343

Rhizobium galegae strain ATCC 43677, D11343
Rhizobium  huanglingense ~ strain CCBAU 7190B, AY034026

Sh/ns//a granulli strain Ch06, AY995149

strain NW -12, AY568510

bullata strain IAM 13153, D12785

DSM 2705, X86776

Uncultured bacterium, AF502218
Uncultured bacterium, AF502219

Shinella zoogloeoides strain ATCC 19623, X74915

Shinella zoogloeoides strain IAM 12669, D14255
Gram -negative bacterium strain DM 1, AJ440749

Uncultured bacterium, AF525841

o-Proteobacterium  strain A0721, AF235998
Agrobactenum tumefactens strain Ir'T -JG-6, AJ295683
Afipia 1sis  strain NW -12, AY568510

Mycoplana bullata strain IAM 13153, D12785

Leptospirillum  ferrooxidans strain DSM 2705, X86776

0.10
Afipia broomeae strain F186, U87759

Afipia genomospecies 10 strain 68996 ug7781

Afipia birgiae strain 34632, AF288:

Afipia lausannensis CRIB-05, DQ123622

Afipia massiliensis strain CCUG 45153 , AY029562
80

Uncultured bacterium, AY18|
Afi oéwa masst/legsts strain NW-12 , AY568510

IIm ad 7
Afipia felis strain 76713, AF288310

“Afipia clevelandensis ”, M69186

Bradyrhizobium /aponlcum strain NA6678 AB072420

Nitrobacter alkalicus strain AN1 , AF06

Uncultured bacterium, DQ453806

o.-Proteobacterium strain Shinshu -th1, AB121772
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Aeb pakb nf7
a-Proteobacterium strain AP -12, AY145551

Uncultured bacterium, DQ648959

o.-Proteobacterium_strain CRIB -12, DQ123619

Uncultured bacterium, AF407 16

Uncultured bacterium, AY921

Uncultured bacterium EII|n5080 AY234497
Agrobacterium tumefaciens strain Ir'T -JG-6, AJ295683

Shinella granuli strain Ch06, AY995149

— Mycoplana bullata strain 1AM 13153 , D12785

!‘ Leptospirillum ferrooxidans strain DSM 2705, X86776

Brevundimonas

Brevundimonas bullata strain AC23, AJ717390
Brevundimonas bullata strain AC4, AJ717389

Brevundimonas bullata strain MBIC2745, AB023428

Mycnp/ana bullata strain IAM 13153, D12785

rtgas
Brevundlmnnassp strain Tibet-| I><23 DQ177489
Caulobactersp. strain CB66, AJ227
Antarctic bacterium strain R8358, AJ440993
Caulobacter sp. strain CB26, AJ2: 227789

Brevundimonas alba strain 25, AF296683
Brevundimonas subvibrioides strain AT(%C 15264, 50088392

Brevundimonas variabilis strain ATCC 15255, AJ2277
Brevundimonas diminutastrain LMG 2089, AJ227778
Brevundimonas vesicularis strain LMG 11141, AJ227781
Brevundimonas so% strain LMG 9567t1, AJ244647

Aeo p n
Brevundimonas vesicularis, AY169433

Uncultured bacterium, AJ001345
Brevundimonas vesicularis strain LMG 2350, AJ227780
Brevundimonas nasdae strain C 1043, AB071954
Brevundimonas intermediastrain ATCC 15262, AB023784
Brevundlmnnas aurantiacastrain CB-R, AJ227787

lim an f
Uncullured bacterium from Yellowstone hot springs, AY293404
Drinking water bacterium strain MB11, AY328842

Drinking water bacterium strain MB29, AV328851
train NW-12 ,

Afipi AYS
H‘t AgEobacienum tumefaciens strain IrT- JG 6 AJ295683
Mycoplana bullata strain IAM 13153 , D12785

Leptc im ferrooxidans strain DSM 2705, X86776
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Chlamydiae
Verrucomicrobia

Thermomicrobia

Chloroflexi

Firmicutes

Bacteroidetes

Algoriphagus  antarctica strain LMG 21980, AJ577141
strain LGM 21482, AJ441012

Antarctica Bacterium
Algoriphagus  ratkowskyi strain LMG 21435, AJ608641
Cytophaga sp. strain MBIC01539, AB086623
Cytophaga sp. strain MM 2849, AJ244689
Flexibacteriaceae bacterium strain IMSNU 14013, AY264839
Chimaereicella alkaliphila strain AC74, AJ717393
Chimaereicella boronitolerans strain T -22, AB197852
Flexibacteriaceae bacterium strain IMSNU 14014, AY264840
Marine CFB -group bacterium strain MBIC01599, AB086624

Hongiella marincola strain SW -26, AY533664
Flexibacteriaceae bacterium strain IMSNU 14012, AY264838

v

Unclutured bacterium from a hotspot, AY345577

lim & 8
Cobun di a2
Aquiflexum  balticum strain BA160, AJ744861
Cyclobacterium marinum strain ATCC4 3824, M62788
Cyclobacterium marinum strain DSM 745, AY533665
Bacterium IFAM  -3359, X90702
Bacterium IFAM -2074, X90704
Bacteroidetes bacterium strain MWH  -CFBk5, AJ565431
Cytophaga aurantiaca strain NCIMB 8628, D12658
Cytophaga hutchinsonii strain DSM 1761, D12663
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Fibrobacteres .
Flavobacteria /
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€—Proteobacteria
O-Proteobacteria
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Koraarchaeo
O-Proteobacteria

Crenarchaeota
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Euryarchaeota

Sporocytophaga myxococcoides strain DSM 11118, AJ310654

Leptospirillum  ferrooxidans strain DSM 2705, X86776
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Actinobacteria

Dietzia

Dietzia maris strain DSM 43672, X79290
Dietzia maris strain RE20, AF537361

Dietzia maris isolated from milk of
Dietzia maris strain ATCC 35013, X81920

Vdlo 1_ &
Dietzia sp. Strain P27 -10 from arctic marine sediment, DQ060378

Dietzia maris SAFR -019, X81920

Dietzia natronolimnaea CBS 107.95, X92157

Dietzia dagingensis 263, AY603002

Dietzia psychralcaliphila JCM 10987, AB159036

Uncultured bacterium, AF513084
Uncultured bacterium, AF513099
Dietzia sp. strain E9_2 E1, AF481211
Pseudonocardia
Microbacterium  ketosireducens

Brachybacterium  paraconglomeratum

Leptospirillum  ferrooxidans ~ strain DSM 2705, X86776

mastitic cattle, Y18883

alni strain DSM 44104, Y08535
strain IFO 14548, AB004724
LMG19861, AJ415377

Microbacterium

strain $116, AY509226

Microbacterium  oxydans strain S155, AY509221
i it strain S27n, AY509225

strain S51, AB099657

Microbacterium  esteraromaticum
Uncultured bacterium, AF154098
Microbacterium  nematophilum  strain CBX 102, AF319539
Microbacterium  ketosireducens  strain IFO 14548, AB004724
Microbacterium  terrae strain IFO 15300, AB004720
Microbacterium  thalassium  strain DSM 12511, AM181507

Microbacterium  thalassium  strain IFO 16060, AB004713

llimani_e9
Microbacterium  resistens ~strain DMMZ 1710, Y14699
Microbacterium  kitamiense strain kitami C2, AB013919

Microbacterium  aurum strain DSM 8600, Y17229
terregens  strain IFO 12961, AB004721

Microbacterium

Microbacterium  lacticum , AB007415

Microbacterium  schleiferi strain IFO 15075, AB004723
Microbacterium  arborescens  strain DSM 20754, X77443

Microbacterium  imperiale ~strain DSM 20530, X77442

Microbacterium  barkeri strain DSM 20145, X77446

it LMG19861, AJ415377

alni strain DSM 44104, Y08535

j Pseudonocardia
Dietzia maris strain ATCC 35013, X81920

strain DSM 2705, X86776

Brachybacterium conglomeratum strain NCIB 9859, X91030
Brachybacterium paraconglomeratum strain TUT1011, AB098579

Brachybacterium paraconglomeratum strain LGM19861, AJ415377

Brachybacterium sp. strain LB25, AB257583
Brachybacterium conglomeratum strain SAFR-049, AY167842

Brachybacterium sp. strain SKJH-25, AY741723

Aep pankb n @
Jellyfish-degrading bacterium, strain TN -2003 , AB101583

Brachybacterium faecium strain DSM 4810, X91032
Brachybacterium articum strain Lact 52, AF434185

Uncultured bacterium, AY212613
Brachybacterium alimentarium strain CNRZ 925, X91031
Brachybacterium tyrofermentans strain CNRZ 926, X91657
Brachybacterium fresconsis strain LMG 20333, AJ415379
Brachybacterium saceli strain LMG 20333, AJ415384
Brachybacterium nesterenkovii strain DSM 9573, X91033
Brachybacterium nesterenkovii_strain LGM 13848, AJ415376

Dermabacter hominis strain NCFB 2769, X7672
salmonir strain ATCC 33209, AF180950

Renib i
|‘|—Micr0bacierium Ketosireducens strain IFO 14548, AB004724
Dietzia maris strain ATCC 35013, X81920

Leptospirillum ferrooxidans strain DSM 2705, X86776

Pseudonocardia alni strain DSM 44104, Y08535

Brachybacterium

A

antarctica strian DVS 5at, AJ576010
Pseudonocardia  alni strian DSM 44101, Y08535
Aeroplankton_hg

Pseudonocardia  kongjuensis  strian LM157, AJ252833
Pseudonocardia  autotrophica  strian IMSNU 20050, AJ252824
Pseudonocardia nitrificans strian DSM new (IFAM 379), X55609
Pseudonocardia  compacta strian DSM 43592, X76959
— Pseudonocardia  dioxanivorans ~ strian CB1190, AY340622

strian M43, AF378364

Pseudonocardia

Pseudonocardia

Pseudonocardia  sulfidoxydans
Pseudonocardia  benzenivorans
Pseudonocardia hydrocarbonoxydans
Pseudonocardia halophobica
Pseudonocardia  spinosispora
yunnanensis
Pseudonocardia
Pseudonocardia
Pseudonocardia  yunnanensis
Pseudonocardia  ziingensis , AF325725
Pseudonocardia  aurantica , AF325727
Pseudonocardia
Pseudonocardia

Xinjiangensis

Pseudonocardia
Pseudonocardia
Pseudonocardia  asaccharolytica

Uncultured bacterium Ellin5115, AY234532

llimani_b7

strian B5, AJ556156
strian  IMSNU 22140T, AJ252826

strian DSM 43089, Y08534
strian LM141T, AJ249206
strian CCTCC M90959; Y

Pseudonocardia
alaniniphila  strian CCTCC AA97001; Y
strian CCTCC AA97020; XJ

strian IFO15681, D85472

thermophila  strain IMSNU 20112, AJ252830

chiorethenivorans  strain SL
strain ATCC 15777, X80596

Pseudonocardia  petroleophila
saturnea strain DSM 43195, X76956

alni strain Ac901, X76954
strain DSM 44247, Y08536

Aeroplankton_c8

Pseudonocardia  sp. strain CNJ888 PL04, DQ448725
Dietzia maris strain ATCC 35013, X81920

strain IFO 14548, AB004724.

L

strain DSM 2705, X86776
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Alps (Vallot)

Bradyrhizobium
(Alfaproteobacteria)

Alps (Col du Midi)

Bradyrhizobium
(Alfaproteobacteria)

Andes (Illimani)

Antarctica

Bradyrhizobium
(Alfaproteobacteria)

Antarctica soil

Afipia (Bradyrhizobium.)
(Alfaproteobacteria)

Afipia
(Bradyrhizobium.)
(Alfaproteobacteria)

Zooglea
(Alfaproteobacteria)

Agrobacterium
(Alfaproteobacteria)

Agrobacterium
(Alfaproteobacteria)

Brevundimonas
(Alfaproteobacteria)

Brevundimonas
(Alfaproteobacteria)

Brevundimonas
(Alfaproteobacteria)

_____________ Limnobacter Limnobacter Limnobacter o
(Betaproteobacteria) (Betaproteobacteria) | (Betaproteobacteria)
_____________ Hydrogenophaga Hydrogenophaga Hydrogenophaga o
(Betaproteobacteria) (Betaproteobacteria) | (Betaproteobacteria)
_____________ Pseudomonas R R R
(Gammaproteobacteria)
bietzia |
(Actinobacteria)
__________________________ Pseudonocardia Pseudonocardia o
(Actinobacteria) (Actinobacteria)
__________________________ Microbacterium - R
(Actinobacteria)
_______________________________________ Brachybacterium R
(Actino)

Bacteroidetes

Bacteroidetes
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Conclusions

All microorganims identified in the enrichment cultures were Bacteria

Alps (Col du Midi) and Andes culture: highest level of diversity

Antarctic soil could be a pure culture

Most bacteria detected were related with soil and some with cold environments.

There was not a common bacteria for the 5 samples: more than one can produce the pigment.
The pigment could be a protection strategy for the transporting with aerosols of this species.

Actinobacteria could be one good candidate responsible of the pigment

Clones from different samples showed similarity with the same genus. Samples sites were
similar environments but faraway. For example Hydrogenophaga is present in Alps,
Andes, and Antarctica: “Is everything in everywhere?”
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Future

» To design specific probe for the species detected

« FISH and CARD-FISH in enrichment cultures and in natural
samples



