ance of being lifle

(W|th apologles to Oscar Wilde)

Doug Capone e
USC




Main Points

e Microbes dominate life
In the Oceans and on Earth

 They are crucial in the production of
organic matter and in global elemental
cycles




Two Fundamental Life Forms
on Earth

Men & Women ?

NOT!
Prokaryotes
and
Eukaryotes




Prokaryotes: Eukaryotes: protists

Bacteria & Archaea  (INC microalgae), fungi,
plants & animals

Cytoplasmic
membrane
Endoplasmic
reticulum

Cytoplasm Nucleoid Ribosomes Ribosomes
Nucleus

Nucleolus

Nuclear

membrane

Cytoplasm C
X

0\
4

Mitochondrion —

Metabolically diverse Metabolically limited



Prokaryote Characteristics
Three points ...

- Durability

— they’ve been around a while (> 3.5 billion
years)

e Diversity

— there’s lots of different ones

— Phylogenetically and metabolically
e Density

— there’s lots in the environment
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Classical View of BioDiversity
& Taxonomy

| Kingdom Plantae

Mutrient Mulrient
uptake by uptake by
Phaotasynthetic cbsorption ingestion

Figure 1-6. A simplified schematic representa-
tion of Whittaker’s five-kingdom system. (Erwin
F. Lessel, illustrator.)

Kingdom Monera

Relationships inferred by subjective criteria:
comparative morphology, function & metabolism




Things Have Changed Radically!

Recasting the Tree of Life — Where’s the Diversity?

Bacteria Archaea Eukarya

Green nonsulfur Entamoebae

bacteria Euryarchaeota
Mitochondrion Methanosarcina
\ Methano- Extreme Plants
— — g;g?\;e (;‘._;'Ienarchae:ota bacterium Baloptillcs
roteobacteria ermoproteus A ' -
S bacteria PIOTEUS Methano- Ciliates
Chloroplast Pyrodictiq\m \ coccus Thermoplasma

Cyanobacteria

Flagellates

Thermococcus
Flavobacteria Marna

\
Crenarchaeota N_Pyro!obus

“Korarchaeota”

Methanopyrus
Trichomonads

Thermotoga

Thermodesulfobacterium Microsporidia

Diplomonads

Aquifex
(Giardia)

Modern Phylogeny: DNA based




Species Diversity

Group # Species | Total# Species | 04 Known
(described) {EslinEiE),
Microbes
Bacteria 5,000 (10,000,000) ? ~0.04
Archaea < 100 ? ?
Algae 40,000 400,000 10
Protozoa 40,000 200,000 20
Plants 270,000 320,000 84
Animals
Insects 950,000 8,000,000 12
Vertebrates 45,000 50,000 90




Sorcerer 1l- Craig Venter
the human genome guy

Probing the true microbial
biodiversity of the sea -
metagenomics




Microbes have adapted to a wide
range of conditions

Oxygen

Temperature

Salt —Extremes of pH
Extremes of pressure
Combinations of the above!




Microbes are found everywhere!

e Terrestrial
— Solls
— Aquifers
— On and in rocks
— Lakes

e High & low pH e Ocean
e High salt

— Plankton

— Benthos (sediments)
e Coral reefs
e Deep sea
e Hot vents

— Symbioses




Microbe Densities In Seawater

Critter Cell densities
In Seawater
Viruses ~10,000,000 per mi
Bacteria/ Archaea ~1,000,000 per ml
Microalgae ~1,000 -100,000 per ml
Heterotrophic Protists ~1,000 per m|
Zooplankton ~1-10 per L
Jelly plankton ~1 per m3
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Microbes and Biogeochemistry

e The earth and its microbial populations have
“co-evolved” over 3.6 BY

 The major biogeochemical cycles of carbon
and nitrogen were “invented” by microbes as
they innovated new modes of metabolism

e Until the arrival of Humans, microbes have
dominated biogeochemical cycles




I h e ‘ ar b O n ‘ C I e Carbon Dioxide Measurements
NOAA CMDL Carbon Cycle Greenhouse Gases

GLOBAL AVERAGE

»Two main forms
Inorganic (CO,) - 5
Organic

»CO, In the Atmosphere:
a rising concern

» Increase of ~0.4%/y or

about 3.4 billion tons

L GLOBAL GROWTH RATE

Atmospheric S —— — L '.r,ﬁ.'ao'qq‘_
COE ) } o

Top: Global average abmosphernic carbon diozide mizang ratios (blue hne) determined using measurements
from the MNOAA CMDL cooperative air sampling netwoirle.  The red line represents the log-term trend
Bottomr Global average growth rate for carbon diozide. Principal investigator: Dr. Pieter Tans, NOAA
CWIDL Carbon Cycle Greenhouse Gases. Boulder, Colorado, (3033 497-6278. ptans@andl. noaa.gov.

T re— About 50% of

TS et R fossil fuel emission
dluatc Aquatic
Plante and —— consurmers not accounted for

Death and

T N / mineraization In atmosphere

Soil _ in sediments _
\ formation iz
Rock

Earth's crust formation




Intense The Open Ocean

production Microbially dominated

of organic
matter by C Fixation/ Primary Production
microalgae s

In mid to e s
high
latitudes
where
nutrients &V p ;‘ 4
are often &g 4R
abundant < g " @

Diatoms
Dinoflagellates



Trophic position

Aquatic Food

5
Webs
4
3 Larval
Microbial fish
Food Web
w , N Jelly
Viral Y, e -3 plankton
2 shunt ‘ / > A
“ > plankton
Viruses , . 8
1 50% PN P
Phytoplankton
0.0001 0.001 0.01 0.10 1.0 10 100 1000

Diameter (mm)



How Important is the Ocean in C Uptake?
“The Biological Pump”

Co,

{ hipher concentration)

Photosyrithesis

respiration




Ocean Fertilization for C
Sequestration

In addition to CO,,
phytoplankton
Need other
nutrients
N, P, S, Fe

Some areas of the
ocean-iron isin
short supply

Iron fertilization
zones




The Nitrogen and Carbon cycles are closely linked

The formation of new organic matter in the
Ocean Is largely limited by nitrogen availability

e Phytoplankton
need nitrogen
to grow

(like your garden)

Mg at. N/l

40 50
150°E
Longitude
5 20 =25 20
Nitrate [micro mole/l]
Western
\ Indian
9 ® ;
3 Western‘-: e
Atlantic:
g ' f ¢ Western
Eastern North
. Atlantic © | Pacific



Fluxes of N in and out of the
Ocean

Almospheric

Riverine G
deposition

245460

- -.LB'E'
Shelf
sediments 100-250

Open ocean 80-130

sediments Denitrification/
Anammox

Tg N (=10"2g)

Total In: 183-283 Tg
Total Out: 277-488 Tg




Why worry?

Major Nitrogen

Nr 1860
{mg Nim3fyr)

-1
542

[ LERR

-

[ 14
21
281
421
561

140

- 210
- 280
- 420
- 560
- 700

Cycle Perturbation
Is underway

[]701- 840
1841 - 1,120
1 1121 - 1,400
[ 1,401 -2,100
2,101 -2,800 [
—12.801 -3.500

Nr 2000
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-0 -1
542
e
EmT1-140

Human Fertilizer
production
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Some take he

Microbes: you might not like living with them
but we wouldn't survive without them
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