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Three members of our research team from the University of
Illinois (Jeffrey Ahigren, Steve Munsell, and Lisa Crockett)
arrived in McMurdo during the winter fly-in (late August 1984)
and began the season by setting up the new aquarium facilities
constructed during the previous year. They were joined later in
the season by Neil Kizer, Art DeVries, Eric Moody, and Chris
Cheng. As the new building became operational, several fish-
ing houses were established on the annual sea ice offshore from
McMurdo. Specimens of Dissostichus mawsoni, Pagothenia
borchgrevinki, Trematomus hansoni, T centronotus, T. bernacchii, T.
nicolai, Gymnodraco acuticeps, Rhigophila dearborni, and even
three rarely caught Paraliparis devriesi were captured during the
fishing season. Antarctic fish have adapted to the freezing
conditions of the waters surrounding the continent by produc-
ing "antifreeze" molecules, which in most antarctic fish are a
series of glycopeptides, although a few species use a peptide
antifreeze (Ahlgren and DeVries 1984; DeVries 1984). These
unique molecules are the primary focus of our research
program.

Experiments on the distribution of antifreeze glycopeptides
in the fluids and body tissues of antarctic fish, which had been
initiated during the previous season, were completed during
the 1984- 1985 year. These experiments involved administering
radioactively labeled glycopeptide antifreeze into the blood of
specimens of T. bernacchii. After allowing 12 hours for equilibra-
tion in the body, the major body fluids and tissues were ana-
lyzed for radioactivity and an assessment of antifreeze distribu-
tion was made. Our results showed that the antifreeze
glycopeptides appear to distribute throughout the body sim-
ilarly to other blood macromolecules of equivalent size and
shape. During the current season, the epithelia of the fish was
also assayed for radioactivity, and our results showed that anti-
freeze glycopeptides from the blood are able to move into the
extracellular spaces of the epithelia and into the mucus layer
around the fish. This result is particularly interesting, because it
provides a basis for understanding how ice is prevented from
propagating into the fish's body. To discover experimentally
whether the skin alone could prevent ice propagation, samples
of skin from the scaleless Dragon fish (Gymnodraco acuticeps)
were placed between two fluids chambers, and the solution on
one side was frozen. No ice was observed to cross through the
skin into the unfrozen solution, even though the solution was
undercooled (supercooled). Ice did not propagate until the tem-
perature was lowered to approximately - 2.5C, which is ap-
proximately the temperature at which intact animals freeze.

Therefore our results show a good correlation between the
ability of the whole animal to avoid freezing and the ability of
the skin to prevent ice propagation because freezing occurs in
both cases in the same temperature range. In previous experi-
ments, the cornea and corneal epithelia of the eye were also
shown to be effective barriers to ice propagation at environmen-
tal temperatures (Turner, Shrag, and DeVries in press).

A detailed study of the freezing avoidance in the gut of T
bernacchii was also undertaken during the 1984 - 1985 season.
Measurements of the freezing points and osmolalities of serum,
intestinal fluid, and bile were made, and also an analysis of the
ionized sodium, ionized potassium, and chloride content in
each of these fluids. The results showed that the concentrations
of these ions were higher than temperate-water ocean fish and
lead to higher total osmolalities and greater freezing-point de-
pression. The fluids are all hyposmotic to seawater. An estimate
of the freezing point based on colligative properties indicates
that they should have freezing points warmer than the freezing
point of seawater (- 1.9C). Direct visual observation of their
freezing behavior in the cryomicroscope, however, shows that
ice does not grow until the temperature of the cooling bath is
lowered below - 2.0C, demonstrating the non-colligative freez-
ing point depression that occurs in these fluids due to the
presence of antifreeze glycopeptides.

Polyacrylamide-gel electrophoresis has shown that only low
molecular-weight antifreeze glycopeptides (2,600 and 3,500
daltons (d)) are present in the bile and intestinal fluid (O'Grady,
Ellory, and DeVries 1982). When [ 3H]-antifreeze glycopeptide
of molecular weight 2,600 was injected into the blood with the
inert extracellular space marker [ 14C]-Polyethylene glycol (PEG)
(molecular weight 5,000 dalton (d)), the labeled antifreeze
glycopeptide appeared in the bile more quickly than the PEG.
Five days after injection, the level of [3H] radioactivity in the bile
was greater than in the serum and continued to increase for up
to 10 days post injection.

Primary cultures of isolated hepatocytes from T bernacchii
were shown to take up [ 3H]-antifreeze glycopeptide for up to 48
hours at a rate in excess of that for [ 3H]-PEG. This uptake was
inhibitable by both cyanide and colchicine. These preliminary
results provide evidence for some type of transcellular mecha-
nism of transfer of low molecular-weight antifreeze glycopep-
tides from the blood to the bile.
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