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The McMurdo Dry Valleys

> Largest ice-free portion
of the Antarctic
continent (~=4800 km?) B
> <10 cm annual precip B i
> Avg annual temp -20°C
> 3 major valleys e

» Victoria
o Wright
o laylor

Photo cred: AP Photo/PNAS, A. Lewis



Study site: Taylor Valley lakes
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Why: study these lakes?

> Only lakes In the world with; perennial ice-
cover

Restricted atmospheric gas exchange
Low light penetration

Permanently chemically stratified vertically.

> Closed basins — end member systems
> Relatively pristine environment
> Part of LTER — long term dataset




Differences In lake geochemistry.
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Life as we know. It. ..

> In your backyard,
photoautotrophs are the
primary producers
s CO,+ H,0 lat CH,O + O,
> Provides useable carbon
o Fixation of inorganic carbon

> Provides useable energy
o Creating thermodynamic e
disequilibrium so that organisms. g ;

can use energy. v
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Life in the Taylor Valley lakes

> A microbial
ecosystem

o Primary production by
phytoplankton

o Heterotrophic bacteria
o Rotifers are the

Phagotrophy by +, & -

highest trophic level
(no fish)

Figure 2. Typical foodweb found in the water column of MCM lakes.
HNAN= heterotrophic nhanoflagellates. No higher life forms exist.

Source: Priscu, et al., 1999

This moedel Is dependent on
sunlignt...
...SOIWhat happens during the Wigiie?




Sunlight and the Antarctic winter

SUWSET, SUNRTSE and THILIGHT i
Christchurch, New Zealand {43.6°5 172.8°E}
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SUHSET, SUHRISE and THILIGHT .
Hchurde Station, Antarctica (77.03°5 166,60°E}
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Polar night: the “black box”
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Figure 4. PPR in L. Bonney showing the period when
data have never been collected.

“...the onset of darkness induces a cascade of
physiological changes that alters the functional
roles of autotrophic and heterotrophic microplankton
within the lakes.”
~Polar night project proposal



Question: do the lakes sleep during
the (polar) night?

> H.:

» Bacterial productivity
(oerganic carbon demand)

decreases with light- _
driven primary productivity -
(organic carbon supply)

> Hi: ‘

o Bacterial productivity —
(organic carbon demand) -
IS sustained throughout
the year by an organic
carbon supply other than
I Ig ht_d rlve N p rl m ary Photo credit: Matt Charnetski
productivity
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Methods: Fall 2007-2008 Measuring bacterial

productivity and
primary. productivity.
. «4 by radioactive
s substrate
Incorporation

Water is collected from ¥ .
multiple depths along water (Y A
column using Niskin bottle . :

Add 3H-thymidine
or *H-leucine (20 nM) 2.0 ml plastic tubes 125 ml glass bottles | Add '*C-labeled bicarbonate
_ﬁm 3 live samples and 3 light samples and E 2
g T a 2 TCA-killed controls 1 control (dark) -
= - - per depth per depth DN
. i A
4 ~ Incubate in dark 20h @ 4°C Incubate in lake 24h T 4
= ’hPrecipitzA /:ilter &
DNA/protein

w/TCA

Measure radioactivity incorporated into cellular constituents



Results: Fall 2007-2008

Carbon supply and demand
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Results: Fall 2007-2008

Carbon supply and demand
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Results: Fall 2007-2008

ELB depth profiles

Bacterial Productivity (thy) Bacterial Productivity (leu)
(HgC/I*d) (HgC/I*d)

Depth (m)
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Results: Fall 2007-2008

ERX depth profiles

Bacterial Productivity (thy)  Bacterial Productivity (leu) Primary Productivity
(MgC/I*d) (MgC/I*d) (MgC/I*d)

Dec Jan Feb Mar Dec Jan Feb Mar Dec Jan Feb Mar
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Results: Fall 2007-2008

Dark 4C-bicarbonate incorporation

*These data are from the dark (control)
bottles in the normal primary
productivity experiments
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el 2007-2008 surnrnelry
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IHow! IS heterotrophic activity In
Eryxell sustained?

> Hypothesis:
chemolithoautotrohpy.
driven by the upward flux
of e donors is an
important year-round T .
source of organic carbon 00
production in MCM Dry Nov07 Feb08  Mar08
Valley lakes, particularly
in lake Fryxell.

Demand/Supply




Lake Fryxell: a closer look

104 cells/ml

0.5 0.75 1.0 1.25 1.5 1.75

O,, H.S (mM)
Madigan et al., 2006




Dark **C-bicarbonate incorporation
In Lake Fryxell

1993-1994 1994:1995

November
December
January

0 50 100 150 200 0 50 100 150 200
Dark/Light * 100 Dark/Light * 100

Takacs and Priscu, unpub data



Methods: Summer 2008-2009

Exploring carbon fixation in Eryxell
and Bonney

> Method:
e FRX & ELB

o Light, dark, DCMU-treated,
and formalin-killed *C-
|labeled bicarbonate
Incorporation at 3 depths in
each lake

o Filter through 3 and 0.2 um
filters

o Determine radioactivity
using liguid scintillation




Results: Summer 2008-2009

~4C-bicarbonate Incorporation
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Chemolithoautotrophy?
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Conclusions

> Fall 2007-2008: watching the sun go down
o BP does not decrease as the sun goes down — evidence against
HO
o Ihe average ratio of organic carbon demand to supply iIn FRX
was 3.63

o Dark carbon fixation accounts for a larger portion of the carbon
supply in FRX than the other lakes

> Summer 2008-2009: dark **C incorporation in FRX and

ELB

o The highest level of dark **C incorporation in ELB (13m) is <88%
ofi the highest level in ERX (12m)

o More important tham anoxygenic photesynthesis in ERX
o BUT...Is it chemolithoautotrophy?



Future directions

> Stats!
> Repeat dark **C-bicarbonate experiments

> Collect material in tandem for nucleic acid
extraction
o 16S and functional genes

> Further study of relationship between
thymidine and leucine incorporation rates
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The RPSC support
dark 14C incubation a
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