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Recent investigations by Smith and Morris (1980a, 1980b) on
the end-products of photosynthesis in antarctic phytoplankton
demonstrated an unusually high percentage (80 percent) of
newly fixed carbon to be associated with the lipid cellular frac-
tion at three stations on a cruise of ARA Islas Orcadas during
September-October 1978. The stations at which this was ob-
served were characterized by low photon-flux densities (20
micro Einsteins per square meter per second) and low tem-
peratures (- 1.8° to 0.2°C). This phenomenon of increased lipid
synthesis has not been observed in other studies of temperate,

tropical, or polar waters where similar methods were used
(Barlow and Henry 1982; Li and Platt 1982; Morris, Clover, and
Yentsch 1974; Morris and Shea 1978; Morris, Smith, and Clover
1981).

The phytoplankton samples used by Smith and Morris came
from waters just recently cleared of ice, and therefore, had
experienced an extended period of darkness. To investigate the
effect of prolonged darkness on short-term photosynthetic end-
products of phytoplankton brought back into the light, labora-
tory experiments were conducted using antarctic diatom iso-
lates (Bigelow Laboratory Culture collection). The temperate
diatom, Thalassiosira pseudonana (3H), was also used for com-
parison purposes.

The diatoms were cultured in a 18:6 light/dark cycle with
photon flux densities of 20 and 90 micro Einsteins per square
meter per second at both - 1.8° and 5°C for the antarctic isolates
and 5°C only for T. pseudonana. Exponentially growing cultures
were placed in the dark following an initial uptake experiment.
The procedure was: (1) A 20 milliliter aliquot of the culture was
placed in a 250 milliliter flask followed by the addition of 10
microcuries of sodium bicarbonate. (2) At 0.5, 1.0, 2.0, 3.0, and
4.0 hours a 1 milliliter aliquot of the culture was filtered for
radioassay of total carbon-14 uptake. (3) The remainder of the
culture was filtered at 4.0 hours onto a glass fiber filter and
subjected to the biochemical fractionation procedures of Morris
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Figure 1. Effect of extended darkness on patterns of photosynthesis between (A) an unidentified antarctic isolate and (B) Thalasslosira
pseudonana (3H). Cultures were held at 5°C at a photon flux density of 20 microEinsteins per square meter per second. [Carbon-14 ( '4C) is
plotted against days of darkness.]
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and others (1981) yielding lipid, protein, polysaccharide, and
low molecular weight (LMw) metabolite fractions. This three-
step procedure was repeated periodically by taking 20 milliliters
from the same culture held in continual darkness for several
weeks.

An increase of fixed carbon into the lipid fraction following
extended periods of darkness was observed in an unidentified
antarctic isolate* but not in T. pseudonana (figure 1). Instead T.

pseudonana incorporated more newly fixed carbon into the LMW

component. In both cases, the fraction that was negatively
effected by prolonged darkness was protein.

Figure 2 demonstrates the effects of photon flux density and
temperature in the incorporation of carbon into lipid by the
unidentified isolate upon return to light from extended periods
of darkness. Decreased light intensity increased the effect of
darkness on incorporation into lipid. However, low tem-
perature (- 1.8°C) apparently reduces the effect.

To determine species variability, three other antarctic diatom
species were tested using the same method used with the
unidentified isolate. There was considerable species-to-species
variability (figure 3). The only consistent result was the de-

* The majority of experiments conducted used an antarctic species
originally identified as Thalassiosira sp. (clone AA-3). There is some
question as to the correct name of the organism and therefore, the
label "unidentified isolate" is used in this report.

creased amount of newly fixed carbon in the protein fraction. Li
and Platt (1982) found no significant increase incorporation of
carbon into lipid in their arctic study and concluded that possi-
bly the species differences between arctic and antarctic phy-
toplankton could account for the differences. It is also possible
that species-to-species variations in carbon fixation patterns
within the arctic population sampled by Li and Platt could
modulate the results of bulk-water carbon-uptake experiments.

Time-course experiments performed in our lab (unpublished)
have indicated that there is considerable apparent protein syn-
thesis during the dark period of a normal light/dark cycle at the
expense of lipid and/or LMW compounds in these algae. It is
conceivable that this apparent synthesis would continue in
extended darkness until all available carbon was exhausted leav-
ing the lipid and/or LMW components depleted. The de novo

synthesis of lipid and/or LMW upon return into the light from
extended darkness may be driven by the need for these com-
pounds. Further analyses have shown that the increased carbon
incorporation into lipid is associated with polar lipids, most
likely membrane components. Visual examination of cultures
held in the dark as well as chlorophyll analyses showed the cells
to have shrunken protoplasts and reduced chlorophyll content.

Investigations are currently underway to ascertain if there
may be polar lipids or lipid precursors that are extracted with
the LMW fraction as an artifact of the extraction procedure. If this
were so, it might account for the variability seen between these
two fractions as to which one dominates the carbon assimilation
upon return to the light from extended darkness.

Figure 2. Effect of extended darkness on patterns of photosynthesis for an unidentified antarctic isolate held at (1) 5°C in two light intensities
and (2) two temperatures at a photon flux density of 90 microEinsteins per square meter per second. [Carbon-14 ( 14C) is plotted against days of
darkness. "L-M-W" denotes low molecular weight.]
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Figure 3. Effect of extended darkness in patterns of photosynthesis for three antarctic isolates: (A) Thalasslosira sp (clone AA-3), (B) Porosira
gracuolls (clone AA-53), and (C) Chaetoceros breve (clone AA-57). Cultures were held at 5°C and a photon flux density of 90 mlcroElnstelns per
square meter per second. [Carbon-14 (14C) Is plotted against days of darkness. "L-M-W" denotes low molecular weight.]
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