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NIOZ Let me tell you about myself....
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Since 2009 In
the Royal
NIOZ!

Geobacter
Project

www.geobacter.org

6 Universitat de Barcelona " HARVARD UNIVERSITY

https://www.youtube.com/watch?v=Sk3uy0jwh9o&list=
PLN2ZUxZYhgCy_ywjZAJ1vgxsRQa0STceM



Research in "De Keet" in the late Zoological station, Den Helder 1890. NIOZ in Texel Research vessel R/V Pelagia
19th century
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h_ttp://www.nioz.nl

Mission Blue Planet
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https://www.youtube.com/watch?v=Ra2ilrdogNg
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i” GEOLOGICAL EVENTS

NIOZ
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Great
oxygenation
event

QDEE  PETM thermal event

0045 Meteorme mpact and -y

Cretacsous Tartiary
mass extinction
0.1 Permo/Triassic
mass extinction
0543

058 Gaskiers glaciaton®?

Duéd Marinoan 'snowbal”
glaciation™

07 Sswrtian ‘sowball’
glaciation™

1.0 -1

1.6 -1
<18 Disappearance of banded —(

iron formations

113 Makgaryene ‘snoe ball’
glaciations \\-,(

132145 (Great ooy penation
=

BIOLOGICAL EVENTS

3 Disappearance of dinosaurs

0.0 Biomearkers for centric datoms™
Evolution of flowering plants

<1637 Fossl (stem group?] animal embryos®
=135 Blomarker svidence for sponge™

075 Fossll testabe amoshae!
Fossil chiorophy tes 1™

-10 Fossd xanthophrybes? ™™

12  Fossil rhodophytes {comples multicelular ity
ard sevual repeodiuction] 2

15 Fossil evidence for sukaryotes bearing
a cytoskel=ton™

16 Oldest certainy syngens=tic biomarkers:
Chiorobiacess, Chromatiaceas and
typ= | methanotrophs”

17 Oldest eukaryotic fossils?

> B Trace fossils of milbmetre-sized, modik=
organisms (gant protistsTf

9 Oldest fossils wath diagnostic cyancbacterial
morphokgy

Rz i O, as evidence for opanabacteral sctheity S \ Oxygenic

1615 First traces of

atmaspheric O,
(REF 749

15 Oldest indigenous hydrocarbans In shales [PAHPE
1 Fossils of filamentous cyanobacteria ™

17 Isatopic evidence for sulphate reduction™

1B |satopic =vidence for a=mobic® or anssrobic?
methanatrophy

317 Filamentous fossils in hydrothermal spring sy stem?

}——35 |sotopic evidence for sulphur deproportionation™
Eofopic avidence for methanogsnesis ™5

Oidest probable microbial mats (stromatolitesps

=17 Passible sotopic evidence for
biclogical carbon feation™

Formation of the Earth 4.6

Ballion years {Gyr]

phototrophs
Cyanobacteria

Brocks & Banfield, 2009 Nat Rev Microbiology
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How the Earth's
Atmosphere Got
Oxygen

-

Great oxygenation
event

Stromatolites

Banded iron formations
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The Worst Mass Acquisition of gene to grow on acetate
Extinction in the by horizontal gene transfer
History of the )
Earth = M.labreanum
- M. marisingri §
‘ E s M. hungatei &
- 'ﬁ M. boonet g
Great Dylng i % M. tharmaphila a
end Permian period I = M. concil 5
_I i..? M. zhilinge B -
Archaeageddon § M. mahii 8
53 M. burtonii 4
:- Univarsal rftrodein - Stviames
Archasal rProdain ;
Cambined Ribosamal s ! E
1885 rFANA M. mazei 8g
235 rANA 5;
F]
M. acetivorans
H. walshyi z
— e
H. marismoriui 5
. H. salinarum 3’
) ] 2000 1500 1000 750 500 250 O
- Disruption of Earth’s Carbon cycle t (Ma)
- 250 million years ago Rothman et al. PNAS 2014;111:5462-5467

Acetoclastic Methanosarcina
Nickel availability
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Nitrogen-Fixing Microbes in the seawater and soils >> Earth fertilization

Atmeoszphers

Atmosphere
WWWw.soes.soton.ac.uk Soil
Nitrogen-fixing bacteria
M He
\ {from sail)
2 \ -
e — TP
Ammonifying {ammonia) {ammonium) Nitrifying
Organle m-ﬂ:ifhjmusj

bio1152.nicerweb.com
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What Microbes Mean for Climate Change Carbon & Nitrogen
cycles

Oxygen minimum zones

-

Latitude (°N)
o

2200 WHY do we study them?

- Expansion of anoxic

: n 3 zones
NAM IArabian 120 f‘;
Longitude (°E) - .
i % - Active areas of
g0 = ey g .
:IUpperoxycline - © denltl‘lflcatlon and
]omm i release of greenhouse
" gases
E :|Deepoxycline
§ 2,000 0
8 - Source of unknown
— marine microbes

Wright et al., 2012
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What Microbes Mean for Climate Change Carbon & Nitrogen
cycles

www.johnshawphoto.com
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w Microbial diversity & classification

“old” classification of organisms
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podcast.hebisd.edu




2" The three domains of life: rRNA
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Ribosomal rRNA classification
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."oz The three domains of life (by Woese)

Tree of life: 3 domain system based on molecular phylogeny

BACTERIA ARCHAEA EUKARYA
Animals

Slime

Entamoebae B

Green nonsulfur
bacteria Euryarchaeota

Methanosarcina

Fungi

Mitochondrion

G c e Methano- Extreme Plants
_ égm;e rﬁ;': ;?Eﬂ‘: bacterium halophiles N
Proteobacteria Eacteﬁa P Mathana: Ciliates
Chloroplast Pyrodictium coccus Thermoplasma
\
Cyanobacteria fpeiiocsccls g Flagellates
Flavobacteria Marine Pyrolobus
Crenarchaeota Methanopyrus Trichomonads

Thermotoga

' Microsporidia

Thermodesulffobacterium o P

: LUCA Diplomonads

A (Giardia)
Last universal common ancestor (LUCA)
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e Three domains of life and membrane lipids
sn-glycerol-1-phosphate Isoprencid (phytanyl)

sn

HO Ether bonds

- No peptidoglycan
several RNA polymerases

- Cell wall of peptidoglycan
- One RNA polymerase _
- No peptidoglycan

- Three RNA polymerases

Eukaryotes

Last universal common ancestor
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NIOZ Horizontal gene transfer
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a Bacterial transformation

[ oow oow» aw )

(Bitwrbestares)  (Eyamohetens) (Ermweimssis) (Emmaia) {Funa ) (Plonte)

T

Donor cell ; Recipient cell
: resistance gene
| : b Bacterial transduction
. — = - I R
T - 7 Releaseof &
. . phage =y
Doolittle (1999) Phage-infected donor cell Recipient cell

C Bacterial conjugation

Transposon’  Donor cell Recipient cell

Copyright € 2006 Nature Publishing Group
MNature Reviews | Microbiology



g Example: Horizontal Gene Transfer gut microbiota

nature Vol 464|8 April 2010/ doi:10.1038/na

LETTERS

Transfer of carbohydrate-active enzymes from
marine bacteria to Japanese gut microbiota

Jan-Hendrik Hehemann'+~t, Gaélle Correc'”, Tristan Barbeyron'~, William Helbert'~, Mirjam Czjzek'~
& Gurvan Michel'*

— @ — 8~

. . orphyranases
Zobellia galactivorans POTPIY

Porphyra (nori)



oz Marine Microbes
4

One drop of seawater contains: 10 million viruses, one million bacteria and about 1000
protozoans and microalgae!



oz Marine Microbiology
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= Role of marine microorganisms in oceanic biogeochemical cycles

= Beneficial microbes: Marine biotechnology (antibiotics, vitamins,
growth factors), bioremediation, climate change

Edited by Se-Kwon Kim

F - S - ; : L _ AL e

he=y Marine
! gy | ~ ¥ .'. - 15 . :
pL—— zouplinhion . g1 Microbiology

C. M, P, 5i, Fe o Bioactive Compounds and
POM fecal . Biatechnobogical Applications
0 . lecs Mi o
pellets licrobia

Laoop

heterotrophic
profists

aggregation | ."

- Lt l'} - ¢
bacterid & archaga
P ;
N, P, Fe, 5i
aggregates
sink

benthic flux

WWW.sciencemag.org



4., Distribution and niche of marine microbes
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Marine snow particles

= arbson Flow
== Bacterial response

@ Dissobed omganic matter

|ﬂ|:ﬂ||1 ;'Ill’.‘rll:ﬂ‘ | F Protaroa |

Azam & Malfatti Nat Rev Microbiol 2007

Microbes in polar regions Microbes in hydrothermal vents
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co,
co, co,
(1) Phytoplankton B Zooplankten
X+ »
ot 4
f

2

DOM

DOC, DO and DOP

@

| Microbial loop

nutriemnts

| Biological | —
\ﬂum"f (6)
Microbial o —
carbon pump \3

S

:ﬂl Viral shunt |

Long-term storage

Buchan et al., Nat Rev Microbiol 2014 MNature Reviews | Microbiology



_db

w Roseobacter and organic sulfur compounds

dimethylsulphoniopropionate (DMSP)
dimethyl sulphide (DMS)

(]

Buchan et al., Nat Rev Microbiol 2014
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= Oxygenic phototrophs: Phytoplankton (algae and cyanobacteria)

Photosynthesis
N,-fixation!

Vegetative cells Vegetative cells



oz Marine Carbon cycle
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= Marine Thaumarchaeota: Involved in the C and N cycles

Marine Crenarchaeota =
Thaumarchaeota

8-

Not all Archaea are extremophiles
20% picoplankton ocean o
Evolutionary importance GDGT-1to 4

< Crenarchae(D

Ammonia-oxidizing Archaea

Ammonia
monooxygenase




0z Marine Nitrogen cycle

Anoxic

N,

remineralization

rg N - > NH4+ > NOZ- — N03-
B . Ammonia oxidation Nitrite
Bacteria & reduction
Thaumarchaeota

c

K=l

ok e o o o o o o O O D D O D D D D D D EE EE EE EE EE E EE e e =

N

= . v

: _ Nitrate_—NO;

c NO, reduction J

g NO,

v Anammox ‘1,

NH,* > N,

NITRIFICATION

Heter'otrophlc
denitrification




Anammox bacteria

oxygen minimum zones

Heterotrophic denitrifiers

reductase

NO;- — NO;- —>» NO \
N>O

N 2 nitrous oxide
reductase

AnammoXx bacteria

Hydrazine
Nitrite synthase
reductase

NO;” — NO+NH,* N,H,

N,

Hydrazine
oxidoreductase



‘oz The Marine Nitrogen & Sulfur cycles: Interactions

N, N}z
|
remineralization NITRIFICATION
0 rg N > NH,* > NO,; ——> NO;
2 assimilation Ammonia oxidation Nitrite
AOB & Thaumarchaeota reduction
(AOA)
Sulfur oxidation
5 g >S? —> 50,2
Suboxic I |
; (my NO, S -3
£ NO, reduction } £ S
3 NO, S =
Anoxic - g &
M Anammox J, :‘ll:’ %
I\"'|4+ \ > N
5042' > 5032- > st > SO4Z+ NZ
Sulfate reduction S-oxidation coupled to denitrification
oXic




1oz Marine Sulfur cycle
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Sulfur oxidizing bacteria (anaerobic)

Z:
[
£
=
=
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S
-4
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Discoversd 18087 Sulghir bacteria;, Tiismareariio seiblensis

Thiomargarita namibiensis.

Image from Oceanus Online Magazine

ocean sediments of the continental shelf of Namibia
Reduce nitrate and oxidize sulfide.

store both sulfur and nitrate

0.1-0.75 mm diameter



g Hydrothermal vents: C, N and S cycles

. Carbon
' 'Dioxide

Chemosynihesis
= L), 4 B0 S D+ RIS
i L_L} = idvperm a 1 aligr

electron donors (e.g., H,, H,S, Fe?*, and CH,)
and acceptors (e.g., O,, NO5~, Fe3+, SO,%-, and CO,)



g Marine Carbon and Sulfur cycles
NIOZ

W \Microbial anaerobic oxidation of methane (AOM)
Anaerobic methanotrophic archaea (ANMEs) & Sulfate reducing bacteria

1

Sulfate methane
transition zone (SMTZ2)

.

«—— Depth below the sea floor

Concentration

CH, + SO,2 - HCO,- + HS" + H,0

Boetius et al 2000
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NIOZ How can we study marine microbes?

T

Biogeochemical cycles Evolution
Geological events
Early life

Biomolecule | Biomarker

Prokaryotic Cell Structure DNA AnCient DNA
Nucleic acids

RNA
Lipids Lipids Lipid biomarker
Goplamic”
' Proteins Proteins/ ??

peptides




Robert Koch isolates
microorganisms using
solid cultures

Leesuwenhoek Winogradsky
reports his microbial ecology
observations about

experiments
oral microbiota ’

Carl Woese
propose rRMNA
as marker for

taxonomy

L T T

(]

Glovannoni et

perform the first
microbial community
study by 165 rRNA

libraries

Kary Mullis
develops PCR

Fred Sanger
develops DMNA
sequencing

o T

propose the term

bl

a me iy | T
1L

"1..-.,/_'

Tares ot ol 2004

al.,

1998 2005

Handelsman et al.,

'metagenomics’

First NGS machine
released by Roche

GA sequencer
from Solexa is
released

= Humber of metagenemic public,l'l:inm‘ﬁ'

2006 2008 2011 2015

PacBio RS sequencer
is released

Human Microbiome

4] 5 lig &
Project publication i s ks

Escobar-Zepeda et al., 2015 Front. Microbiol



J. Craig Venter

I M 5 TI1I T UTE

https://www.youtube.com/watch?v=uexFwQGhsYU



=

L - [ ] - — ar T

T : SEPT 2009 e
S e » — B (o BT S Sarny g Y e~

o, . d & s T e~ e

' . - » = 7 e

. Sl W TTHE "= ¥ -.
1 MARCH 2012 racorn A o 1 e
% ILEAN | W IIIII. 1 ; i

3 "".n
L]
-

INTHAN

FALTFI
WA

https://www.youtube.com/watch?v=mNXj7pFvHDo



B Lipids and Nucleic acids as biomarkers
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Membrane lipids

diy

Mc
%CLE; g}

LIPIDs: e e
Abundance

Viability

Marker of specific groups
Structural protein

\—\ Enzyme (protein)

protein

DNA:
What is the cell capable of?
Who is there? ABUNDANCE

RNA:

Is the cell taking advantage of its
capability?

What are they doing? ACTIVITY



/]
wmioz How to estimate abundance of microorganisms?

Quantify how many copies
of a gene in a sample

Cell counting

Microscopy- Flow cytometry
based methods

Pl Gylamwsry

1 microbe = 1 genome = 1 gene copy

Quantify other cellular
components: lipids!

Epifluorescence
microscopy

-
[ .‘I
P o 1
[ Ty L

- o

1 microbe = x amount of membrane lipids
More lipids = more microbes?



How to estimate

0z

Quantify abundance of
RNA molecules

activity?

Activity measurements

Sulfate reduction rate

35
35 2_
SO, SRR = [ﬂ}g";]. ‘?‘. %
7

enviranmenial
sample

Incorporation of labeled
substrates

Ml\r/R\l\/I'\A/vv Stable Isotope probing (DNA-SIP, PLFA-SIP)
S V\NA\ANANNAY/ C-substrate  incubation, exiraction of !
M’W\/\N 1atal r.m'lsr‘r. ackds fractionaiion
["*C & "'C strands)
AMOA /A \NAAANASNAYS S N\NNANAANANA/ e e
mRNA N e
g =
. mschvemen| vin | hamvy datection & danblicaton
Ammonia IBOpyCrG Rt =] af resolved
anyiranmenlal cenbnfugation nucle acds (via PCR)
monooxygenase sample
fotald Blonss
NH4+ NOZ‘ NanoSIMS
Nanometer-scale

Microbes synthesize RNA only when they are active
either to make more ribosomes (rRNA) or to
eventually make proteins/enzymes for a
metabolic/catabolic activity

secondary ion
mass
spectrometry
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The 168-bascd el
approach

L W W W T A Ty —
b N S A Y N N
g el o Amplify and
SR L P L N R N N sequance 165 rRNA
Extract DNA

Microbial community
sample

How to estimate microbial diversity?

Phylogeny

Acinobaciis
A linomyealan comiting
Haamophiis nluansae

‘Psaidfomanis asrugnosa proteo-
Xyloda fasdchosa bactenal
Nissonp manungtds | |}
R |t
rHobcobaciar pylod J5

‘Campylobacter jaun
‘Synachacysiis s, PCCBAT | Cyanobacteria
Themataga marsma_| Themmologales
Aquibr seaicus ] Aquiicaceas

clostridium

189~ hiycobactarium tuberuiosis | actinchactena
S g DiTyces conlicolr

Deinacncess mdondurans | themus | deinocoocus

Perphyromonas ginglvals CFR sulfur
Chorabiym B pidm FB/g
Chiamydia rachomais

'ﬂ hlampdia prevmaniad, chiamydiales
10 Tropanama palldum |
.!:Er e spircchasles

Pymococcus abyss

Ma hanobac ledum hamasbirophicum | euryarchasota
Me hanacoccus gnnaschi

h Archasoginbus fulgidus
w0 o Thatm oplasma acddophium
w | ™ Aaropyrum pernse | crenarchasota
w |i ‘Dmsophils molmogmstor
| ﬁ‘ Y ¢ aaehatei's aiogans -
m’, b SarCha OMyTaS COrOVEDN -
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Omics techniques: Analysis of the entire community

Omics

-~

Metabolites —

Do

&

L ..I-ﬂ'
=

mMRNA
( et

Dam
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=  Metabolomics

Metaproteomics

Matatranscriptemics

"\.ﬁ

\ Metagenomics ,



o Metagenomics
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Sequencin
O T "

Contigs
O — S S 5-=-- - Assembly
O - N —
Reads

DNA extraction

Genomes (bins)
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ple =t Who are they? Phylogenetic genes
3

What are they doing? Metabolic genes
Complex sample



: Binning metagenomes: the ultimate puzzle!




oz Study site: Black Sea
<

Oxygen

(molkg™) Sampling
o N ©EY
[ I T -
50 =
Fo -
E?% = suboxic
§1ao __\ euxinic
170 w—
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rw Metagenomes in the Black Sea water column

0.14
0.12

0.1
0.08
0.06

0.04

Fraction of total sequenced DNA

0.02

50 70 80 85 20 95 100 105 110 130 170 250 500 1000 2000

95 bacterial bins and 9 archaeal bins
with >40% completeness and <20% contamination!!



wioz How do we collect samples in a research vessel?
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Water samples Sediment samples

8 Multicore

rosette

https://www.youtube.com/watch?
v=mAn3GDNu9yY

Piston core
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VOYAGER TO THE BOTTOM OF THE SEA e PN Landers

ALVIN (UNITED STATES
MR MIR I NAUTILE

SHINKAI 6500 |11

JIAOLONG

DEEPSEA
CHALLENGER (P11}

Sediment trap



Busy at work....
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g Marine Microbes: Wonder in a drop of water

Responsible for

Involved in oxygenic
biogeochemical atmosphere
cycles (nutrient

recycling)

Capable of

induce global

Involved in extinctions!

climate change
(greenhouse
gases and DMS)

Capable of

e\,g.\,e and The oceans are an
acquire novel exciting source of novel
skills (HGT)

microbes to be
discovered!
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