The evolving story of
microbial nitrogen cycling
processes in low oxygen
zones




Oxygen minimum zones may be expanding

Local phenomenon with global consequences
Global balances of nitrogen
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N important in global ocean carbon cycling

the Ocean's Carbon Pump
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Low oxygen zones and the N cycle
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Microorganisms and genetic
potential

» Identifying key genes NO.
» Amo: responsible for oo a8
deep water nitrate r;.,-.,},-mc:?
» Annamox: important N NO / hao
removal process e
» Nir: important N removal -
process | N NH.OH
» Nrf: nitrate reduction to
ammonium-important nosZ Aﬂx
for recycling N in some ¥ /\
environments i v amoA
» Nar/Nas: important N %’NH;
uptake pathway for “new” T
production DON

Nif: important N source




Two controversies

» Denitrification vs anammox as major N loss
pathways in oxygen depleted waters

» OMZs directly linked to nitrogen fixation




Paradox of N loss pathways in low
oxygen zones

» Anammox recently shown to be important

» Requires nitrite, ammonium and low oxygen

- Explaining how anammox can be supported in
OMZs major challenge
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Stable isotope methods: difficult to separate transformations

» Dalsgaard
» Thamdrup
» Kuypers
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Identification of N pathways
with gene expression

| 02 content (ml/L)
» N loss in OMZs 0.2 20
» Denitrification F T
> Nitrate> N2

» Anaerobic ammonia
oxidation
o Nitrite+ammonium—->N,

P

Water depth




“Probes” from gene
sequences
Quantitative PCR
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W23336E608 4data gccgaaccocy qqtgtc ggc tgc 3cq
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m3157630 4data gCcggaaccy qqcqta g9 tgc 3cq
W223228335 4data gCogaagoce gatgtqg gga. . . tgc [=ll
WZ228872350 4data qCCgaagoco ggtgtg gga. . . tgc qcc
133003556 4data gCogasaccg ggegth gqc tgc gcqg
W7 2397334 ddata tocaaaacce qggatc gqga. . . tgt gca
m73IET017Z 4data fCCaaaacco gggatc gga tgt gca
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WZ0030880 4data Qogaaacco gagatc gg9C. .. Tgt gea
m1559291€6 4data CCCgaaacca ggagtc g9t tgt 3cq
m13392913 4data CCogaaacca ggagtc gqqgt tgt gqcg
m135592907 ddata CCCgaaacca ggagtc ggt tgt 3cq
m13592910 4data CCogasacca ggagtc ggt tgt gcqg
WZ224367386 ddata qCoggagqoce qgtgtq 94949 tat [=lls
W2Z23630702 4data gCCggagoco qqtqgtqg 999 tgt g
m3137694 4data gCoggagocyg ggaata g9qc tgc gt
m3157E8E 4data CCCggaaccy ggcatc qgc. .. tgc qcc
m133003505 4data focagaaccc ggtata gqgq tgt e
W31E5372 ddata CCCCgagocyg q999tq qqc¢ tqc qcqg
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Gene expression (nRNA ml*")
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Gene expression (nRNA ml'?)
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Chemical profiles for experimental stations in the Arabian Sea and ETSP.
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Community composition
and interactions

Zooplankton
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Eastern Tropical South Pacific OMZ

Oceanic waters
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Who's there?
Annotations of
protein-coding
cDNA reads
informs taxonomy

50m

total taxa: 3183

85m

total taxa: 1994

110m

total taxa: 3465

200m
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% of total NCBI-nr hits
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DelLong et al. unpublished
/Nitrate reductase expression
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» Limitations in interpretation of molecular
techniques
- Gene abundance-representation of cell abundance?
- Gene expression-representation of enzyme activity?
» Temporally dynamic populations may
influence relative importance

» May be cross feeding between
microorganisms
- Difficulty in integrating across time and space




» OMZs directly linked to nitrogen fixation
- Due to effect of oxygen

» Global balance between N, fixation and denitrification
hard to determine

» Limited measurements in space and time
» Nitrogen fixation: Biogeochemical inference




Nitrogen fixation enhanced in OMZ due to removal of
N (denitrification)

P* — PO43_ NO3_/rn,

Biogeochemically inferred processes
P* - regions selecting for N, fixation

“N, fixation will be revealed as a reduction in P* along the transport
path of a surface water mass, and its rate can be estimated by
combining the observed distributions of nutrients with information
about the rate of ocean circulation and mixing.”

1.5

0.5

P* (uM)




Biological nitrogen fixation N,>NH,

Energetically expensive and sensitive to oxygen //*

nif genes widely distributed throughout Bacteria and Archaea (wiite branches)

MoFe protein




Open ocean N,-fixing cyanobacteria:microscopy and
gene amplification (PCR)

Crocosphaera
—cultivated

“Group A”
—uncultivated
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From genomes to ecosystems

Global collaborative efforts
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Eastern Tropical South Pacific
Very few diazotrophs detected using gPCR assays on DNA extracts

EQ Collaboration with

Univ. de Concepcion:
No UCYN-A, y24744A11

or a24809A06 detected
in any samples.
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ETSP1 2010

No UCYN-A, UCYN-B,
Trichodesmium, Richelia
in Rhizosolenia,
v24744A11 or
a24809A06 detected at
any station/depth.

BIOSOPE 2006
UCYN-A, UCYN-B and
Trichodesmium: very low
detection at a few
stations
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Eastern Tropical South Pacific
All nifH sequences characterized are proteobacterial
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Open ocean N,-fixing heterotrophs:
gene amplification (PCR & gPCR)

Understanding heterotrophic diazotrophs contribution to N cycle is complicated due
to prevalence of contaminants
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Open ocean N,-fixing heterotrophs:
gene amplification (PCR & gPCR)

Some heterotrophic diazotrophs Global distribution of y-proteobacteria 24774A11
have widespread distributions but _—

low abundances - implications for
global N cycle are unclear.
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N, fixer distributions are not correlated with P*

Global map
distributio




Molecular tools provide information on
potential for N cycle processes, and whether
they are active

» Understanding dynamics
of N cycles in time and o monter |
space requires higher ol il
resolution data "

» Remote instrumentation
increases sampling 1 oo
resolution — =

» Detection of
microorganisms by genes,
MRNA, etc.

. Internal

» Environmental Sample AP ...
Processor (ESP)-Chris g —a
Scholin/Chris Preston

(MBARI), Julie Robidart

(UCSC-MBARI)

John Ryan




Microfluidic

ESP Core Sk
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" PCR
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= |
Puck reusable solid
Carousel phase extraction
column

Remote instrumentation that can
perform molecular biological
measurements

Few molecular biological samplers-
ESP and AMG

Can enumerate strains from genes-
subspecies/ecotypes



Crenarchaeota vs. nitrate, temp, salinity
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The Monterey Accelerated Research System
(MARS)

» 9 kW of power for science
» 8X 100 Mbit/sec Ethernet ports
» Precision time distribution
o ~5 uSec
» Deep water - 890 meters
» Accessible - 2 hrs from MBARI

» Extended geographic coverage
with extension cables

» Extensive shoreside support
> Staging, ships, ROVs,
| expertise

http://www.mbari.org/mars



D-ESP Deployment on MARS

Scholin et al. MBARI




Summary

» Molecular biology
needed for
disentangling the N
cycle

» Higher resolution data
needed

» Need integration of
models, remote
instrumentation and
molecular biology
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