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The effects of light and temperature
on antarctic cryptoendolithic

microbiota in vitro
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Photosynthetic activity of the cryptoendolithic microbial
community in Beacon sandstone (Friedmann 1982) at Linnaeus
Terrace was studied under controlled conditions. Phycobionts
of lichens and non-lichenized green algae and cyanobacteria are
the primary producers of this ecosystem. Light intensity and
temperature are major environmental factors, and we studied,
in the laboratory, their effects on photosynthetic incorporation
of carbon-14 bicarbonate. The results may help to explain how
these physical factors affect metabolism in nature.

The biotic zones of colonized rocks were excised and
powdered to sand consistency with mortar and pestle. This
homogeneous material was kept at a temperature below 10°C
during manipulation and stored at -20°C. One and one half
gram aliquots were placed into glass vials containing 0.48 milli-
liter of cold (1°C) bicarbonate buffer (0.6 micromoles per milli-
liter, pH 7.5) to which subsequently 20 microliter of carbon-14
bicarbonate solution (0.434 nanomoles, 0.2 microCurie) was
added. Dark controls were covered with aluminum foil. The
vials were capped with parafilm-coated corks and incubated in a
termostatically repulated water bath either under constant light
(120 microEinsteins per square meter per second), at varying
temperatures or under constant temperature (10°C) at varying
light conditions. Light level was varied by placing pieces of
fiberglass window screen between the light source and the
samples. After 2 hours incubation, the vials were removed,
placed into 20 milliliter scintillation vials and crushed. One
milliliter 0.1 normal hydrochloric acid was added to each vial for
1 hour to drive off the unfixed bicarbonate, followed by 1 milli-
liter of 1 percent sodium dodecyl sulfate solution to solubilize
the cellular contents. After 1 hour, 10 milliliters of Aquasol
counting solution was added and the radioactivity determined
in a scintillation counter. We corrected for quenching by using
an internal standard. Light samples were replicated in sextupli-
cate and the dark controls in triplicate. All experimental pro-
cedures were carried out in the Eklund Biological Research
Laboratory at McMurdo Station.

Figure 1 shows that photosyntheseis occurred at -2°C, but not
at -3° or -5°C. Activity peaked at 5°C and remained significantly
high until 25°C. It decreased at 30°C and there was no activity at
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Figure 1. The effect of temperature on the photosynthetic uptake of
H 14CO, by the cryptoendolithic microbiota in vitro.

35°C. These data indicate that photosynthesis takes place at
temperatures below 0°C, as reported by Kappen and Fried-
mann (1983). It should be pointed out that several epilithic
antarctic lichens are known to have temperature compensation
points well below, 0°C, and probably have some photosynthetic
metabolism even around -15°C (Lange and Kappen 1972). Pho-
tosynthesis below the freezing point could be explained either
by the presence of a solute which prevents ice formation or the
carbon fixation enzyme, ribulose bisphosphate carboxylase, re-
mains active at subzero temperatures; further studies will be
necessary to determine which hypothesis is correct. There is
some indication in figure 1 that temperature dependence of
photosynthetic metabolism may follow a bimodal curve with
one maximum around 5°C and another at a higher range.
Should further studies confirm this, it could be then explained
by the presence of the two photosynthetic populations in the
rocks. The more temperature sensitive population could be the
psychrophilic non-lichenized green alga Hemichioris antarctica
(Tschermak-Woess and Friedmann in press). The broad peak
between 10° and 25°C could be due to the activity of the lichen
phycobiont (Trebouxia or Pseudotrebouxia, Archibald, personal
communication) as some antarctic phycobionts show consider-
able growth at 20°C (Schofield and Ahmadjian 1972; Ocampo-
Friedmann 1984, personal communication.)

When the samples were exposed to various light intensities,
there was a linear response (0.01<p<0.02; r=-.951) (figure 2).
As under natural conditions, there is a steep light gradient in
the rock. This has a controlling effect on microbial photo-
synthetic activity. Nienow and Friedmann (1984) have shown
that light intensity in the colonized zone ranges between 102
and 10 of ambient light (photon flux density) at the rock
surface.

If for example, on a cloudless December day at noon, the
ambient light is about 1,800-2,000 microEinstein per square
meter per second, the light inside the rock in the colonized zone
would be about 0.2-20 microEinstein per square meter per
second. At the same time, temperature inside the rock is likely
to reach between 5° and 10°C (Friedmann 1977; Kappen, Fried-
mann, and Garty 1981; McKay and Friedmann in press). Under
such conditions, the photosynthetic rate would be between 0.01
to 0.1 milligrams of carbon fixed per hour per square meter.
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Figure 2. The effect of light intensity on the photosynthetic uptake of
H14CO, by the cryptoendolithic microbiota in vitro.

These values indicate that reasonable rates of metabolism are
likely to take place in nature.
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Yeast biomass in Ross Desert soils:
Evaluation of quantitation methods

and sample transport effects
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The soil microbiota of the Ross Desert (ice-free valleys of
southern Victoria Land) is understandably depauperate. The
sparsity of microbial populations has made it necessary to rely
heavily upon viable counts as an index of biomass but at the
same time has given rise to the suspicion that exogenous mi-
crobes were providing most, if not all, of the colonies counted.
Bacterial isolates have indeed been wholly or predominantly
mesophilic (Cameron 1971; Johnson, Madden, and Swafford
1978; Vishniac unpublished data). The few algal isolates from
soil have been tentatively identified with soil algae of other
climes or those of cryptoendolithic lichens (E.I. Friedmann and
R. 0. Friedmann, unpublished data). Yeasts which are both psy-
chrophilic and unique to Ross Desert soils have, however, been
isolated (Vishniac and Hempfling 1979). These yeasts provide
the best index of indigenous biomass currently available. This
study was an attempt to quantify yeast biomass in Ross Desert
soils and to determine whether this biomass changes between
the time of sample collection and examination of frozen soil
samples some months later.

Growth of mixed inoculum of indigenous yeasts in medium M-3C.
(shaken at 160 revolutions per minute in refrigerated water bath at
10°4 0: total count by absorbance at 650 nanometers •: total count
by colonies developing on spread plates of medium with 1.8 percent
agar, glucose substrate. Differential counts obtained by substitut-
ing appropriate substrates for glucose are indicated by the following
symbols:. = Cryptococcus socialis 3aYl/biotype 17; 0 = C. vis-
hniadll var. asocialis 30bY33/biotype 18; 7 = C. sp. (undescribed)
3aY86/biotype 19; A = C. consortionis 3aY92/biotype 20.
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