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Effect of temperature on freezing
avoidance and levels of

antifreeze In antarctic fishes

A. L. DEVs

University of Illinois
Urbana, Illinois 61801

This season's activities began with the arrival of three
assistants, Scott O'Grady, Jeff Turner, and Martha Wolfe, at
McMurdo in early October. Three fishing stations were
established and tended until mid-December, when the field
activities were terminated due to melting of the sea ice.

In the Northern Hemisphere freezing avoidance capabil-
ities and levels of antifreeze change with season as the
water temperature varies. In one species—the winter
flounder, Pseudopleuronectes americanus—levels of anti-
freeze peptide are highest in January and lowest during the
summer, when water temperatures are +16°C (Petzel,
Reisman, and DeVries 1980). In McMurdo Sound, antarctic
fishes experience seasonal temperature changes of no more
than 0.2°C and therefore need protective antifreeze
throughout the year. To determine whether temperature
can alter freezing avoidance and levels of glycopeptide an-
tifreeze in fishes inhabiting McMurdo Sound, we collected
specimens of several species and divided them into two
groups. Half were maintained at environmental tem-
peratures of +4°C to determine the effect of temperature
on freezing avoidance, levels of antifreeze, and levels of
antifreeze messenger-RNA (ribonucleic acid). After 50 days
of acclimation, lower lethal temperature experiments
showed that warm acclimation had little effect on survival.
Likewise, freezing and melting point analyses of the blood
showed that levels of glycopeptide antifreeze were un-
changed, although the slightly higher freezing points could
be attributed to slightly decreased levels of sodium chlo-
ride. Livers were removed from the same fishes, frozen,
lyophilized, and shipped to the University of Illinois for
extraction of the antifreeze messenger-RNA. Experiments
are being done to determine whether temperature affects
levels of the messenger.

Studies of the mechanism of action of the glycopeptide
antifreeze were continued at the Universities of Illinois and

Indiana. Natural abundance carbon-13 nuclear magnetic
resonance measurements done by A. Allerhand indicate
that the glycopeptides exist in an extended form (Berman,
Allerhand, and DeVries 1980), a conformation consistent
with the proposed mechanism of activity which involves
adsorption inhibition (Raymond and DeVries 1977).

The role of the antifreeze in prevention of ice formation
in vivo was investigated by infusing antifreeze into a fish of
the same family which normally lacks antifreeze. This fish,
Notothenia angustata, the black cod of New Zealand, can be
cold-acclimated to +4°C and after infusion of antifreeze ap-
pears to tolerate freezing temperatures of - 1.8°C without
freezing. However, extended exposure to these tempera-
tures leads to cessation of ventilation, indicating lack of
adaptation in the nervous system. Further experiments us-
ing lower acclimation temperatures are planned for next
season.

During the course of our collecting season, many speci-
mens of the antarctic cod, Dissostichus mawsoni, were caught
which were not suitable for our experiments. Three of the
specimens had been caught previously. Length and weight
measurements of the two fish caught during November
1978 indicated that no significant growth had occurred over
a period of 1 year. The hook wounds, however, were almost
completely healed, indicating that recovery does occur after
capture. The other specimen, tagged and released during
November 1974, increased 8 centimeters in length and 2.27
kilograms in weight. These preliminary observations indi-
cate that the antarctic cod grow very slowly. Specimens
weighing between 68 and 79 kilograms could be older than
100 years. This season 200 specimens unsuitable for experi-
ments were measured, weighed, and tagged. After injection
with tetracycline, a fluorescent marker that is incorporated
into growth rings, the specimens were released in good
condition.
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