Hldden microbial diversity at high
% . Temperatures

The microbial world still has a lot
of surprises

- Genomes - 30-50% coding capacity unknown #
+ Estimates of <1% grown in the lab
+ High biochemical diversity)/
- Promise for improving processes
- Production of high value chemicals/biofuels
+ Unknown provides ideal targets foridiscovery
using a host of different approachestincluding_ |
cregative culturing, metabolic modelingetc. =~ =
+ Consortia/more complex systems are now
tractable (& help maintain optimal conditions
for production)
* Historical- where there is enerﬂy, microbes will
‘engineer themselves... Silicon chips, PCBs efc..
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Overview:

* Generally, what do we know about the
diversity in high femp systems? whoare
some of the key players? 50- 80C thermophily happens)

- Examples of targeting discovery

* Any interesting targets out there?
- Next wave of pyrosequencing insights

+ Any conclusions?




New
species

Iceland

No close relative in culture,
new genus species




Costa Rica, new species from
Rincon volcano

intra-cytoplasmic structures

ridge zone which accounts for more than 90 % of the earth's volcanic
activity

*Yet relatively little is known about microbial diversity (surprising as
many of our thermophilic archaeal isolates are from these systems)




¢ns of biodiversity

Bacteria

Pominated by epsilon proteobacteria
Uncultivated groups

Others, eg.
Aquificales, Thermotogales, Thermales

Archaea

i Methanogens
Thermococcales
Archaeoglobales
Korarchaeota, Nanoarchaeum
Uncultured groups---
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_All cultures are neutrophiles, at best acido
#8lcrant or mildly acidophilic (pH 6.0)

_;,Cultivated Archaea

| Batrerta

For many years we and others
asked:..

+ 1. Who are the DHVE2?’

+ 2. Why no acidophiles cultured
sea vents?




Major vent sites, and sites
where the DHVE?2 have been detected

e ,
The Mid-Ocean Ridge Syslém
1. Who are the DHVE2?
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Then serendipity ente
search for, DHVE

)"
* Mariner- one of the lowest ph‘ measurements
for deep-sea yents pH <2.5 i
ST L
+ Clone librarie E1'1_51 led an unusual sequence
BT e o
from an iron S_I-Fﬂ'ﬁr{ IC"‘V;[PJ{. obial mat, 60°C
- never before detected'at vents, related to
Picrophilus, Thermoplasma, Ferroplasma

PPACMA-Q (Maress Basing
PSSMCA 108 (Suiye seamount, Las-Ogasawata arch
WC2.1 Arci3 (Snake-Pa, Mid-Atiantic Fadge)
33-P120AGE iJuan de Fuca Ridge)
Alv-FOS4 (East Pachic Rise) DHVE2
FT1TADS (Edmond. Central indian Ridge]
FT1TAQS (Edmand, Central indian Ridge)
ISAA2 (Middle Olnawa Trought

sl PMC2AT0 (Mysjin Kncll, kzu-Ogasawars sec)
TOTO_ISCS_A4S (TOTO caldera, Mariana Trough)
G26_CS56 (Guaymas Basin}

PEPRT18 [1°N.£ast Pacitc Rise)

archacap [Rotorus. Ky Park, Nivw Zealand)

OPPDO1D (Obsiian Pook, Yelowstone)

A0 {Morrs Basin, Yelowsione) s
LARTEBTEDS (Marner, Valu Fa R

00r AS4 {Iron Mountain mine)

ARCP1-2T reectcalpde) - Thermoplasmales

ant b7 {Ria Tinta)

Picrophius oshima

Halghachenium salnansm
Mothanosarcina barkeri
Meathanocaldococcus fannaschi
Methanoeoccus vanmieli
Thevmococcus hydrothemalis
Pyrococcus furiosus

Sfaphyiothermus mannus

Could we grow the
Thermoplasma-like phylotype?




Not yet.. But we have somebody
else even more interesting...

* The
devilheterotrophventblob
—DHVE-2 horns

= “Aciduliprofundum boonei”

Genome has been sequenced.
Draft and now being closed by
JGI. Second isolate being
sequenced too..

Reysenbach et al. 2006. Nature
442:444-447

Reysenbach and Flores, 2008.
Geobiology. 6:331-336

Acidic and anaerobic zones

Fe?' + 2H,5— FeS, + H, + 2H*
Cu* + Fe?*+ 2HS . Cu FeS, + 0.5H, + 3H*




MARO08-237A (Rainbow)

[

875, Aciduliprofundum boonei T469

M38637, Thermoplasma acidophilum
AF339746, Thermoplasma volcanium
X84901, Picrophilus oshimae
U20163, Pyrococcus furiosus
Z70244, Thermococcus hydrothermalis
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Fig. 2 Neighbor joining tree of cultured representatives of the DHVE2 (colors) based
on 1261 unambiguously aligned nucleotides of 16S rRNA gene sequences.
Halobacterium salinarum was used as the outgroup to root the tree (not shown).
Scale bar represents 10 substitutions per 100 nucleotides.

More thermoacidophiles...
Deltaproteobacteria

'MAR08-307R_Full_16S'
'MAR08-368R_Full_16S"

P5
Y18292, Hippea maritima
KM1

AM712337, uncultured delta proteobacterium
¥16943, Desulfurella multipotens
¥16942, Desulfurella propionica
X72768, Desulfurella acetivorans
16941, Desulfurella kamchatkensis
X99234, D
AF524933, D
AF418177, Desulfobacterium autotrophicum
DQ826724, Desulfatibacillus olefinivorans
AJ237607, Desulfobacterium indolicum
DQ146482, Desulfatirhabdium butyrativorans
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" MAR08-307R
=70 bp

MARO08-307R

MARO08-368R
Hippea maritima

“Uncultured delta” “
=80 bp

“Uncultured delta”
~100 bp




Overview:

-
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+ Any interesting targets out there?
- Next wave of pyrosequencing insights
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Desulfurococcales,

Pacific

Only 1 sample Archaeoglobus dominates
#5/6 dominate with T}

#2 Vulcanisaeta and other Desifucoccales™
#7 Desulfurococcales and Thermoproteales
#2and7

2,5,7,13 Nanoarchaeum

Rare vent Archaea?
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Halophiles too!!
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Conclusions

+ Lots of potential targets still in the
environment

* Understanding the ecology... when and where
organisms of interest occur, coexist etfc.

* Multiple *informed™*, coordinated apﬁoaches
will allow for selective enrichmento )
metabolisms of intepest.. L. & W,

+ Consortia for novel metabolisms, syn‘rh-rophy

* Low biodiversity systems- meta-
transcriptome, proteome

Thank__s_..

Yitai Liu, Gilbert Flores, Mifcea Podar
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The crew, pilots and'scientific parties
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