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The annual occurrence of springtime ozone depletion over
Antarctica has resulted in a strong interest in the ultraviolet
(UV) photobiology of antarctic organisms. Decreases in strat-
ospheric ozone levels result in increased transmission of UV-
B wavelengths (280-320 nanometers) to the Earth's surface.
These wavelengths are biologically harmful because they are
absorbed by DNA, causing changes in the structure of DNA
molecules which can alter the "reading" of the genetic code.
If this molecular damage is not repaired, cell viability can de-
crease and mutagenic and/or lethal effects can occur.

There are three major cellular repair mechanisms known for
UV-damaged DNA (Cleaver 1984):
• photoreactivation (PR), a one-enzyme system which re-

verses damage in the presence of longer wavelength light
(310-480 nanometers);

• excision (dark) repair, a process involving the enzymatic
removal of the damaged segment of the DNA molecule and
insertion of a repair "patch"; and

• postreplication repair, a mechanism by which previously
unrepaired damage is bypassed during the DNA replication
phase of the cell cycle.

Organisms may have the capability of one, two, or all three
of these, with various efficiencies associated with a particular
repair process. One of the aims of this project was to determine
the types of repair mechanisms present in antarctic organisms.

From November 1987 through January 1988, UV exposure
response characteristics and DNA repair capabilities of a va-
riety of organisms growing in the area around Palmer Station
were studied. These included marine bacteria, diatoms, eu-
phausids (krill), macroalgae, prosobranchs (limpets), holothu-
roids (sea cucumbers), and echinoderms (starfish). Some of
the data on DNA repair mechanisms of ice bacteria and plank-
tonic diatom species are presented here. These experiments
used 254-nanometer UV light, a short-wavelength, high-en -
ergy light that does not simulate natural solar UV but is very
commonly used to study DNA repair mechanisms. UV flu-
ences are more easily quantified and larger amounts of damage
can be caused during shorter exposure times. The DNA repair
mechanisms characterized by studying responses to 254-na-
nometer-induced damage correspond to mechanisms which
would be used to correct molecular changes caused by higher
wavelength, lower energy UV light.

Bacterial strains were isolated from thawed ice samples col-
lected in Arthur Harbor. Photoreactivation and dark repair
were assessed by irradiating cells with 50 joules per square
meter of UV light. Non-irradiated cells were used as the con-
trol. Irradiated and non-irradiated samples were grown in both
light and dark conditions. Photoreactivation and excision re-
pair can take place simultaneously in the light, only excision
repair can proceed in the dark. After incubation, survival within
each treatment was quantified by measuring the incorporation
of radiolabeled thymidine into cellular DNA. This incorpora-
tion is a measure of total DNA synthesis occurring in cells and
can be correlated to total growth.

The responses of four bacterial clones (C-F) are shown in
figure 1. All of these strains had much higher population de-
velopment in the presence of PR light than in the dark. In fact,
results from irradiated cells were equivalent to or slightly higher
than the non-irradiated control treatments. The results indicate
that these four clones can photoreactivate and that the exis-
tence of PR enhances cell survival. In the absence of PR light,
dark-repair abilities were not sufficient to deal with the in-
curred damage, resulting in cell death and decreasing popu-
lation development.

Similar studies were conducted with diatoms. Diatoms were
collected in vertical net tows through the ice in Arthur Harbor.

Figure 1. Comparison of labeled thymidine (thd) incorporation by
irradiated bacterial strains C, D, E, and F after incubation in pho-
toreactivating white light (hatchered bars) and in the dark (filled
bars). Values were calculated relative to non-irradiated controls.
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Clonal cultures were initiated from single-cell isolations. Cells
were irradiated with 50 joules per square meter of UV light
(254 nanometers) and incubated for 8 days under white or
yellow light. Yellow light is not involved in photoreactivation,
but can be used for photosynthesis. Results from the different
treatments were quantified by counting cells and calculating
population doubling rates.

The diatom species studied had higher cell-doubling times
in the presence of PR light than in non-PR light. In most cases,
there was more than 80 percent difference in population de-
velopment when cells were incubated in PR light, with even
a slight enhancement over the control for some species (figure
2, table). There were interspecific variations in growth in both
the presence and absence of PR light, reflecting differential
species abilities to deal with the same levels of UV exposure.

PR has been observed in both nuclear and chloroplast DNA
of the few algal species which have been studied (Haildal and
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Figure 2. Comparison of cell numbers for diatom species incubated
in photoreactivating white light (hatchered bars) and non-photo-
reactivating yellow light (filled bars). Values are based on cell counts
and calculations were made relative to non-irradiated controls.

Taube 1972; Small and Greimann 1977). The existence and
efficiencies of excision (dark) repair in algae have not been well
documented (Swinton 1975). In Chiamydomonas (a unicellular
green alga) DNA damage caused by exposure to 50 joules per
square meter of 254-nanometer light can be repaired within 2
hours under PR light (Small and Greimann 1977). It takes 24
hours to achieve the same level of repair in dark incubations
(i.e., relying only on excision-repair processes).

From the bacteria and diatom species studied, we can con-
clude that photoreactivation is an important mechanism for
cell survival and subsequent population development of ant-
arctic marine microorganisms. Once repair characteristics have
been determined, subsequent studies are needed to quantify
damage and repair rates in order to evaluate repair efficiencies
over the time course of ambient UV fluxes and natural pho-
toreactivating conditions.
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Comparison of mean cell-doubling rates for non-irradiated controls (0 joules per square meter) and cells irradiated with 50 joules per
square meter of 254-nanometer light after 8 days' incubation in photoreactivating white light (+ PR) and non-photoreactivating yellow

light (-PR).

+PR	 -PR

50 joules per	 50 joules per
0 joules per	 square	 0 joules per	 square

Species	 square meter	 meter	 square meter	 meter

Coscinodiscus bouvet
	

60	 .48	 .40	 .20
Coscinodiscus ocu/us-iridis	 42	 .44	 .41	 .12
Thalassiosira subtilis	 72	 .76	 .61	 .03
Thalassiosira sp.	 40	 .43	 .38	 .11
Porosira pseudodenticulata	 59	 .61	 .36	 .14
Diatom sp. no. 30
	

61	 .60	 .42	 .10
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