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Southern Ocean
e HNLC

e iron (Fe) limited
e deep vertical mixing
e species composition
* ~30% of ocean’s primary
productivity & C export

* global biogeochemical
cycles (C, N, S)

* sensitivity of high
latitudes to shifts in
climate
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* extremely high 1°
production

* 27% of C export in
Southern Ocean

* dynamic light and
nutrient regime

* predicted to
change with shifts
in climate

Nov 2010 ice cover, adapted from PolarView Universiat Brenen
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Bloom Dynamics
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Predicted changes in light and iron

* increased temperature

* increased rainfall
(Sarmiento et al. 1998)

* increased pycnocline
e irradiance

e decrease flux of Fe
across pycnocline

* stratification effects on
species composition?
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/Biological Pump”

€O, atm "o C fixed by
- pCO, _ <pCO, photo§ynthet1c
> hotic organisms
Zone

e P antarctica vs.
diatoms

e C fixation rates
e sinking rates

® grazing pressure
« DMS/P

* impacts on global
C (and S) cycles?

5000 m
high latitudes tropics



DMSP

* Dimethyl-
sulfoniopropionate

* many proposed functions
within the cell

e cryoprotectant

- osmolyte
 defense deterrent
- | anti-oxidant |

» sulfur cycles and
climate feedback

* P antarctica major
contributor

o diatom contribution

Albedo Solar radiation (heat, light, UV)
Atmospheric
acidity . Sulfate and sulfonate
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Sulfur transport L] Temperature
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~ P antarctica

e DMSP
e 125-350 mM
® grazing
* dynamic iron
requirement as a
function of irradiance

o dFe
e Fe'- free inorganic Fe

- Bioavailable
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Fragllar/opSIs cylmdrus (Grunow 1883

dominant diatom in this
region

inhabits various habitats
® sea-ice
e near-shore waters

acclimates to variable
conditions

e temperature

e salinity

o |light
e Micro-nutrients (i.e.
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Pigments

Light harvesting pigments Photoprotective pigments

* chlorophylls * carotenoids

e transferred excitation energy  ® transfer of excitation energy
is utilized to transfer OR potentially remove
electrons to the acceptor in excitation energy from

the reaction center chlorophyll

e chl-a
e chl-c diadinoxanthin(DD)
e fucoxanthin RN diatoxanthin (DT)




- Xanthophyll Cycling

de-epoxidation epoxidation
/ HO Diadinoxanthin ‘\
\‘ P PP /
HO Diatoxanthin
* photoprotective * photoprotective role
pigments e non-photochemical
e carotenoids quenching (NPQ)

e expressed as DT:DD+DT

o I DT =1 xanthophyll
& diatoxanthin (DT) cycling

 diadinoxanthin (DD)



DMSP and ROS

® reactive oxygen species
(ROS)
e ie.-OH, -0O,-, HO,
e byproduct of
metabolism

e increases under stressful
conditions—=> oxidative
stress

e DMSP & its derivatives

DMSP

(Sunda et al, 2002; Kieber et al., 20m)



Specific Growth Rate (O)
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LIGHT
ACCLIMATION
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ANOVA, p< 0.001- 0.005
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~ Light Summary ACCLIMATION
Irradiance DMSP, PP:LH DT:DD+DT
(MHEm?s?) | (mM)
5 54.6 0.10 0.06 0.31
(x1.9)* (+0.02)* (+o0.01)*%
20 0.36 0.20 0.05 0.48
(x 0.15) (+ 0.01) (+ 0.05)
100 0.19 0.20 0.65
(+ 0.09) (+0.06) (x0.02)
300 0.20 0.36 0.65 0.82
(+ 0.10) (+ 0.02) (+ 0.01)
500 35.6 -0.26 0.61 0.77
(x1.5) * (+ 0.07) (+ 0.04)

ANOVA, p< 0.001- 0.034



Light and Iron
Light

* energy source

™ rxn centers
> accessory
pigments

high
J rxn centers
J, accessory

pigments
™ ROS

MANIPULATION

Iron

e electron transport

e Fe-sulfur

molecules,cytochrome b f,
PSI, SOD

J rxn centers
> accessory

pigments
™ ROS

M rxn centers
> accessory
pigments
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MANIPULATION

- low Fe
B highre

5 HE 5 HE 100 phPE 100 pE  500uE 500 uE
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PP:photoprotective pigments(DD+DT)

LH: light harversting pigments (chl-a, chl-c, fuco)
low Fe: 0,4,10,30 nM treatments

high Fe: 100,300, 1000 nM treatments
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'DMSP, and ROS

[=p]
]

Intracellular
"tS) DMsP (mm)
8 2 ¥ & 8 2

—a
]
=

Reactlve Oxygen Specles
(relative fluorescence units)

a0 5 410 15 20 25 30 235 40 0 2 4 B 3 10 12 0 5 10 15 20
Time (days) Time (days) Time (days)



5 HE 5 HE 100 pE 100 pE

III low Fe
. high Fe

500 pe 500 ME

low Fe: 0,4,10,30 nM treatments
high Fe: 100,300, 1000 nM treatments
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~ Growth and Physiology

* F cylindrus is able to grow in a wide range of
irradiances

e 100 fold

* Fe and light interactions are complex

e alteration of photosynthetic apparatus
« PP:LH pigments, xanthophyll cycling, DMSP
« pigments —-induced by low Fe as opposed to irradiance
e DMSP - under light and Fe stress

« higher utilization, higher turnover, or in derivative forms?




. cylindrus P. antarctica

optimal irradiance for growth ~ ® optimal irradiance for growth

=100 HE m2s™ = 40 pE m=s™

e SML, well stratified e DML, lower irradiance
u ., = 0.37at100 pE m2s? ® Up,, = 0.38 at 40 pE m=s™
xanthophyll pool large at low ¢ photo-repair
irradiance e Kropuenske et al. 2009

e Photoprotection * DMSP: 125 mM- 350 mM

DMSP: < 60 mM




Ecological Relevance of Findings

e interaction of light and iron :
affect growth of this species g
e iron requirements are b,
dynamic
e species specific
e complexities in predicted
bloom formation and
resulting changes in C
export
e Sinput greater than
previously predicted
e impacted by flux rates, e
grazing, etc.
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