


Dissolved Organic Matter (DOM) and the Microbial “loop”

“T presume that the numerous lower pelagic animals persist on the infusoria, which are known to abound in the open ocean:
but on what, in the clear blue water, do these infusoria subsist?” - Charles Darwin (1845)

“Basic to the understanding of any ecosysten is knowledge of its food web, throngh which energy and materials flow. If
PIICrO0TZanismis are major consumers in the sea, we need to know what kinds are the metabolically important ones and how
they fit into the food web.” - Lawrence Pomeroy (Bioscience, 1974)
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Cycling and composition of marine
Dissolved organic matter: A primer

1) What is the global distribution of dissolved organic matter?

2) How do we approach an understanding of its cycling and
reactivity?

3) What techniques are used to characterize DOM composition?

4) Can we link composition to source and putative sinks?



Typical 1D profile of dissolved organic carbon in the ocean
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Global circulation and the distribution of DOC

Hansell et al. Oceanography 2009
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Time series analysis of DOC (uM C) at Bermuda
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Seasonal dynamics of SAR11 populations
in the euphotic and mesopelagic zones
of the northwestern Sargasso Sea

CraiiA Carlson®?®, Robert Morris'?®, Rachel Parsons®®, Alexander H Treusch?®?®,
Stephen ] Giovannoni* and Kevin Vergin*
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How do we measure carbon fluxes in DOC ?
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McNichol and Aluwihare, Chem Rev. 2007
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DOC cycling via DO'C

Natural Radiocarbon Activity of the

Dissolved Organic Carbon in the UV photooxidation

T=EE “age” of the dissolved organic matter m the deep sea

relative to its origin in the euphotic zono has been a

mattor of conjecture for some time'-?, Photosynthetic f (M A uv LamP
fixation of carbon dioxide into plant carbon by phyto-

plankson and subsequent biochewical vaidution or solubil-
zation of organio carbon takes place primarily in the
upper 0-300 m of the sea. A small, as yet unknown,
fraction of this orgenic carbon is transferred into the deep
water by physioal processes such as turbulent mixing
and sinking of surface water at high latitudes, In addition.
particulate organie carbon which sinks from the surface
may be converted into dissolved organie matter at depth.
In order to determine how *“old™ this dissolved organie
earbon is, its natural radiocarbon activity has been
measured for two deep-water samples takon off southern
California.

The dissolved organic carbon was converted to carbon
dioxide (and subsoquently to methane for radiocarbon
counting) by photo-oxidation with high energy ultraviolet
radiation* (Fig. 1), Beawater was collected with a 100 L o
stainless steel sampler and stored in 200 [. pre-leached steel
drums lined with polythene {no increase in organic carbon
was detected during the storage period before analysis).
Pre-filtration to remove particulate organic matter was ACID
not necessary becsuse its concentration was less than
5 ugfl. The seawater was acidified to pH 2 with hydro-

chlorie acid, sparged free of inorganic carbon (9997 per

t) with oxygon gas and irradiated in 00 ). batehes for 00
cent) with e o Depth A14C(% Age
20 h. u:ln% a 1,200 W meroury.are lamp (Hanovia Engel-
hardt ‘189 A'), The carbon dioxide so formed was
.spa:aa)d ti‘mm ;ho waa:ter with oxygen gnbu and trapped 0
in ntium hydrox &3 strontium cerbonate. Com-
plete oxidation was ascertained by comperizon of the 1880m -351 AO -3470—'—_330 ybp
carbon dioxide in the irradiated seawater (detected by a
Beckman model 10 infrared analyser) with the amount of
cnrbou_-xduoxt;:: g«\'l::ingfmm thbec?'at con:‘l:uxuo.n of'lt:lt:e 1920 341 (y 3350+300 b
organic car in seawater before oxidation®t. e - -
strontium carbonate was collected by filteation, washed m 00 - y p

with water in & nitrogen atmosphere and then dried
in vacuo,

CO2 TRAP

DOC »

NITROGEN

Williams, Oeschger, and Kinney; Nature v224 (1969)
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Radiocarbon based models of DOC cycling in the water column

Radiocarbon Age (A14C)
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Under this perspective, DOM is produced and rendered recalcitrant by marine microbes.
Combined with the two component model of radiocarbon and deep sea DOC, it suggests no or
at best very slow removal of DOM in the deep sea

: { IBacteria.:ﬁ

Semi-labile DOC
25-40 uM = e—
A"™C > 0%o0

Recalcitrant DOC
35-40 uM
A™C = -500 - 600 %o
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Southern Ocean DOC-14 data suggests the two
component model cannot be correct.
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Depth (m)

Very rapid degradation of DOC in the
Mediterranean Sea. If DOC is refractory,
why does this happen?
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Atmospheric deposition Terrestrial organic matter
| (DOM, POM)

Semi-labile DOC
epipelagic microbial
loop

particles ' -
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Semi-labile DOC
meso- and bathypelagic
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10-15 uM
A"C >0%o0
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The cycling and composition of marine
Dissolved organic matter: a primer




Dissolved Orgs — The Problem
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Cross or tangential flow filtration,
Ultra- or nanofiltration

Separation based on size

1 nm pore @ 1 kD

high pressure .
Selects for larger size

@
.‘ ® L K/ s @ ® (High Molecular
Weight) fraction

@ o\ o o About 30-35% TOC (now up
to 60% using electrically
9 assisted UF)

low pressure

Membrane effects what
is collected



Ultrafiltration of high molecular weight DOM (HMWDOM)




Isolation of DOM by adsorption onto hydrophobic resins
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Nuclear Magnetic Resonance
Spectroscopy (NMR)

| / ’ é
/////////////mnm\\\\“ Iy

Can be tuned to different
Nuclei of interest (C,N,P...).

Gives information on functional
groups which, combined with

a knowledge of biochemicals

can be used to deduce composition
and origin.

Internally quantitative.




13C Nuclear Magnetic Resonance Spectrum
of high molecular weight dissolved organic matter (C/N = 15)
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13CNMR of plankton tows 13CNMR of HMWDOM
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13CNMR spectra of HMWDOM
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HMWDOM in the deep sea

Sargasso Sea

3m ”

2500 m

200 150 100 50 0
50 0

200 150 100

NPSG

sm N

Jun\

200 150 100 50 0

1800 m

200 150 100 50 0

Slide 5.17



"N-NMR of DOM
shows most N is in aminopolysaccharides

amide-N
0
I
CH.C
3
“NH s
/ C
3}
OH e
HO Q
HO )
O%\h CH, 2
CHy /O ~ 0\/4
Wi Wy
300 200 100 0 ) )
pom mild acid
hydrolysis
amino-N
‘ ’-\ W 0




Composition of HMWDOP

Organic phosphorus nomenclature
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Spectral modeling of major biochemicals in DOM
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Proteomics of dissolved proteins
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Proteomics of dissolved proteins
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Typical 1D profile of dissolved organic carbon in the ocean
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gas sample ions accelerate magnetic field

enters here towards charged deflects lightest ions
most
3954249
23205 9
e
44,
-

filament current
tonizes the gas

ions separated by mass
expose film

http://antoine.frostburg.edu/chem/senese/101/glossary/m.shtml
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Substitute C17H2408Na

CH, forO 379.1369 Da
Am=36.4mDa
CehyOgNa C,H,ONa
379.1005 Da
- _ 379.1732 Da

379.08 379.10 37912 379.14 379.16 379.18
miz



Elemental Analysis of DOM in Weddell Sea Seawater

Count A B C D E F
Exp Theory Error C HM) O
(ppm)

1 415,10141  415,10236 229 21 18 9
2 415,13797  415,13874 185 22 22 8
3 41517405 415,17513 26 23 26 7
4 417,08070  417,08162 221 20 16 10
5 417,11720  417,11801 194 21 20 9
6 417,15349  417,15439 216 22 A4 8
7 417,19014  417,19078 1,53 23 28 7
8 419,09650  419,09727 1,84 20 18 10
9 419,13277  419,13366 212 21 22 9
10 419,16910  419,17004 224 22 26 8
11 41920525  419,20643 281 23 30 7
12 42107604  421,07654 L9 19 16 11
13 421,11206  421,11292 204 20 20 10
14 421,14848  421,14931 197 21 24 9
15 421,18488  421,18569 192 22 28 8
16 423,09139  423,09219 1,89 19 18 11
17 42312766 423,12857 215 20 22 10
18 42316415 42316496 191 21 26 9
19 42320011 423,20194 432 22 30 8
20 425,10680  425,10784 245 19 20 11
21 425,14331  425,14422 214 20 24 10
2 425,17971  425,18061 212 21 28 9
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H/C

Unusual molecular masses in DOM
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Suptropical surface waters Antarctic surface waters
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Composition, reactivity, flux and distribution of DOM

Non-reactive DOM

Semi-reactive DOM

Very reactive DOM
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CH, CH, —CH,

Aliphatic or “Humic” substances
Concentration 40 uM
Inventory = 640 GT C
AC=-400 to -600%o

Annual flux = 0.1 GTC

010

Biopolymers
(polysaccharides, proteins)*
Concentration 0-40 uM
Inventory = 10-20 GT C
A"C= modern (DIC)
Annual flux = 10"s GT C?

*=80% of cell C, N
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Simple biomolecules
(amino acids, sugars)*
Concentration 1-2 uM

Inventory = 0.1-0.3 GT C

AC= modern (DIC)

Annual flux = 10"s GT C?

*=10-20% of cell C, N
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Lecture 2. Summary

There is a large vertical gradient in DOC between surface
and deep waters. Net production in the euphotic zone,
net respiration in the mesopelagic zone.

Radiocarbon measurements show that there is “new” DOC
in the surface ocean, very “old” DOC at depth.

Loss of about 30% of deep DOC between the North Atlantic
and the North Pacific, along the path of deep water drift.

Studies of chemical composition are handicapped with by

our ability to sample DOM. DOM is sampled by two techniques,
ultrafiltration which is based on the larger molecular size of

some DOM relative to water and salt (high molecular weight DOM;
HMWDOM) and solid phase extraction (SPE) that relies on
chemical adsorption onto a hydrophobic surface.



Lecture 2. Summary

Of the ~ 50-60% of DOM that can be recovered, and therefore
characterized. Major techniques used to characterized DOM are
nuclear magnetic resonance spectroscopy (NMR) and high
resolution mass spectrometry (HR-MS). HMWDOM is largely
“new” DOC and has a modern radiocarbon age when purified.
HMWDOM is largely carbohydrate with a small amount of
protein. HMWDOM carbohydrate has an unusual composition
that has not been fully characterized. The source of the
carbohydrate is not known.

SPE extracted DOM has an old radiocarbon age. SO far this is very
hard to analyze and characterize. It is clearly a complex mixture
of organic matter with a significant amount of aliphatic character.
The source of this DOM and the pathways that lead to its
formation are not known.



