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Figure 3. Output of snow monitor for December 1984, on Linnaeus Terrace, northern Victoria Land.
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Photosynthetic activity of the cryptoendolithic microbial
community in Beacon sandstone (Friedmann 1982) at Linneaus
Terrace was studied under controlled conditions. Phycobionts
of lichens and nonlichenized green algae and cyanobacteria are
the primary producers of this unique ecosystem. Light inten-
sity, temperature, and moisture are major environmental fac-
tors affecting this biota. We studied the effects of light intensity
on the metabolic incorporation of bicarbonate with carbon-14
(' 4C-bicarbonate) into the cellular lipids of the microbial com-
munity. In a previous report (Vestal, Federle, and Friedmann
1984), the effects of light and temperature on the uptake of 14C_

bicarbonate were shown. In that report, the maximum light
intensity used was 120 microEinsteins per square meter per
second. It was assumed that because light intensities much
above that would rarely be found inside the rock matrix, this
was an adequate intensity to use for in vitro studies. This report
differs from the previous report (Vestal et al. 1984) in that the
effects of light intensity up to about 1,000 microEinsteins per
square meter per second were studied. In addition, the incor-
poration of ' 4C-bicarbonate into a stable cellular component, the
lipids, was used to measure the metabolic activity of the micro-
biota. The results may help to explain how these physical factors
affect the metabolism of the microbiota in nature.

The biotic zones of colonized rocks were excised and
p wdered, using a mortar and pestal, to the consistency of
s nd. This homogenous material was kept at a temperature
b low 10°C during manipulation and stored at —20°C. One-
ad-one-half grams of sand were placed into '/4-dram glass vials
c ntaining 0.38 milliliter of cold (1°C) bicarbonate (0.1 milligram
p r milliliter; pH 7.5) buffer containing 4.99 microCuries of 14C-
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bicarbonate (0.008 milligram per milliliter; specific activity of
52.0 milliCuries per millimole. Dark controls were covered with
aluminum foil. The vials were capped with parafilm-covered
corks.

The effects of various light intensities and temperatures were
studied using an apparatus called a "photosynthetron"
provided by Anna Palmisano at the Eklund Biological Center at
McMurdo Station. This apparatus contains a high-intensity
street light which shines up through a bath containing an eth-
ylene glycol solution connected to a continuous flow bath to
regulate temperature. Within the bath are 35 separate cylin-
drical containers, each with a different screen filter covering the
bottom. The small glass vials containing the samples were
placed in these containers and incubated for 8 hours at the
appropriate temperatures. At the end of the experiment, the
vials were placed into 20-milliliter scintillation vials and
crushed. The lipids were immediately extracted with chlo-
roform (2.5 milliliters) and methanol (5.0 milliliters) as pre-
viously described (McKinley, Federle, and Vestal 1982). The
radioactivity of the extracted lipids was then analyzed in a
scintillation counter.

The figure shows the effects of light intensity and tem-
perature on the metabolic incorporation of ' 4C-bicarbonate into
the lipids of the cryptoendolithic microbiota. As had been
shown previously with uptake studies (Vestal et al. 1984), meta-
bolic activity was a function of temperature and light intensity.
In this study, it was shown that appreciable activity was seen at
15°C compared to 7.5°C which was greater than 0.0°C. Even at
0°C, measureable activity was seen. Other work (not reported
here) on the effect of temperature on incorporation of labeled
bicarbonate into lipids indicated that optimum incorporation
occurred at 15 to 20°C by the cryptoendolithic microbiota using
the same assay system. It can also be seen from the figure that
there is apparently no photoinhibition of the algae at light
intensities up to 1,000 microEinsteins per square meter per
second and that the maximum light intensity for maximum
metabolic activity was about 500 microEinsteins per square
meter per second. Even though the ambient light intensity at
Linneaus Terrace in Wright Valley on a cloudless day during the
middle of summer reaches 1,500 to 1,800 microEinsteins per
square meter per second, this intensity would never be found
within the rock itself (Nienow and Friedmann 1984). Measured
light intensities in the lichen zone within an intact rock are in
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the range of 0.2 to 20 microEinsteins per square meter per
second. It is concluded that the cryptoendolithic microbiota
would be metabolizing at appreciable rates within the rock in
nature when the temperature, moisture, and light conditions
permit. Exposure to various light intensities would affect the.
metabolism of the rock microbiota but not be inhibitory to the
primary producers in this delicate environment.

I wish particularly to thank Anna F'almisano of the University
of Southern California for the use of the "photosynthetron" at
McMurdo Station and N.J. Coleman for producing the figure.
This work was supported by National Science Foundation grant
DPP 83-14180 to E.I. Friedmann.

References

Friedmann, E. 1982. Endolithic microorganisms in the Antarctic cold
desert. Science, 215, 1045 - 1053.

McKinley, V.L., T.W. Federle, and J.R. Vestal. 1982. The effects of
petroleum hydrocarbons on plant litter microbiota in an arctic lake.
Applied and Environmental Microbiology, 43, 129 - 135.

Nienow, J.A., and E.I. Friedmann. 1984. Temperature and light gra-
dients in the Antarctic cryptoendolithic ecosystem. Abstracts of the
Annual Meeting of the American Society for Microbiology, 84, 178.

Vestal, JR., T.W. Federle, and E.I. Friedmann. 1984. The effects of light
and temperature on the antarctic cryptoendolithic microbiota in vitro.
Antarctic Journal of the U.S., 19(5), 173 - 174.

LIGHT INTENSITY-TEMP
H14CO3 INCORP. INTO LIPIDS

0	 0.2	0.4	0.6	 0.8

uEi/m2/sec x 1000
ci OC	+ 7.5C	o 15C

The effect of light intensity and temperature on the incorporation of 14C-bicarbonate by the cryptoendolithic microbiota in vitro.

182	 ANTARCTIC JOURAL




