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The members of our team for the 1986-1987 season were
Arthur DeVries and Chris Cheng from the University of Illinois,
Jim Raymond from the Alaska Department of Fish and Games,
Charles Knight from the National Center for Atmospheric Re-
search, Joe Eastman from Ohio University, Mike Smith from
Johns Hopkins University, and Richard Willis from New Zea-
land. Our program ran from 9 October 1986 to 5 January 1987.
Three fish houses were set up on the annual sea ice to catch
specimens of Dissostich us mawson i, Pagotheina horchgrevi nki,
Trematomus bernacchii, and Rhigophila dearborni. Other species
that were inadvertently caught are T. cent ronotus, T. hansoni,
Gymnodraco auliceps, and Paraliparis devriesi. This season we also
caught for the first time another eel pout, Australycicthys
brachycephalus which is related to R. dearhorni. The eel pouts
have antifreeze peptides and the others antifreeze glycopep-
tides, which enable the fish to survive in the freezing waters
(-1.9°C) of McMurdo Sound.

Studies of the physiological and biochemical roles of biolog-
ical antifreezes in the freezing avoidance of the antarctic fishes
were continued again this season. One of the interesting and
puzzling aspects of antifreeze glycopeptides is their presence in
the cerebrospinal fluid of the notothenioid fishes, despite intact
blood/brain and blood/cerebrospinal fluid barriers in these fish-
es as demonstrated by the exclusion of hydrogen-3-antifreeze

glycopeptides injected systemically. The presence of antifreeze
glycopeptides in the cerebospinal fluids prompted us to exam-
ine the presence of other proteins. Biorad protein assays show-
ed protein concentrations of 13.8 milligrams per milliliter and
16.8 milligrams per milliliter for cerebrospinal fluid and plasma,
respectively, from D. mawsoni. The protein concentration of the
cerebrospinal fluid reflects that of proteins other than the anti-
freeze glycopeptides which do not react with the Coomassie
dye in the Biorad reagent. Polyacrylamide gel showed that the
cerebrospinal fluid lacks the high molecular weight proteins in
plasma, but have similar intermediate to low molecular weight
forms, with large amounts of a group of intermediate molecular
weight ones. The cerebrospinal fluids of vertebrates are thought
to be protein-free because of the blood/brain and blood/cere-
brospinal fluid barriers. The presence of large amounts of anti-
freeze glycopeptide and other proteins in the cerebrospinal
fluid of these fishes opens up many interesting questions such
as whether they are translocated (how?) or synthesized locally
(where?), as well as their physiological roles, which will require
further investigations.

The new eel pout, Australycicthys brachycephalus, were caught
in fairly large numbers at 78°15'S 169°45'W in very deep waters
of 750 meters. The antifreeze peptides from this fish were pu-
rified with Sephadex G-75 chromatography followed by re-
verse-phase, high-performance liquid chromatography. Unlike
the related eel pout R. dearborni which has three major anti-
freeze peptides and at least four minor ones, A. bracliycephalus
has only one major antifreeze peptide (over 95 percent) and two
very minor ones. The sequence of the major antifreeze peptide
has been determined. It is 64 amino acid residues in length, a
molecular weight, therefore, of 6,800 daltons, and has 70 per-
cent homology with respect to the sequence of one of the major
antifreeze peptides from R. dearborni (Schrag et al., 1987).

The antifreezes are thought to exert their function, i.e. to
prevent ice crystal growth, via an adsorption-inhibition mecha-
nism (Raymond and DeVries 1977; DeVries 1984). This mecha-
nism for the freezing avoidance of fishes implies that ice is
present somewhere in the live fish. Thus far, no visible ice has
been located within antarctic fishes taken from their natural
environment. However, our work this season showed indirect
evidence for its presence. Fishes taken from the ice-laden sur-
face waters and subjected to low temperatures (- 2.7°C) in ice-
free seawater will freeze with ice visibly propagating through
their superficial tissues as well as through the clear fluids of
their eyes, and death occurs within 1 minute. Freezing occurs in
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these fishes even if they have been held for several hours at
- 1.2°C, a temperature that would ensure melting of any exter-
nal ice crystals associated with their gills or integument. These
observations imply that they harbor ice crystals somewhere
within their bodies. The ice, however, can be "melted" by hold-
ing the fish for several minutes at 0°C. The fish can then be
undercooled to at least - 7°C in ice-free seawater without freez-
ing and with no apparent ill effect. Subsequent exposure to ice-
laden seawater at - 1.9°C for 1 hour "reinoculates" the fish and
they again freeze at - 2.7°C. This suggests that that ice is pres-
ent at sites other than the circulatory system. The shallow water
is laden with ice crystals which are likely ingested by the fishes
along with the seawater they drink. A logical site of endogenous
ice, therefore, would be the intestinal fluid, which will be exam-
ined in the following season.

Studies of the mechanism of antifreeze action were con-
tinued. In the previous season, using a light-scattering tech-
nique with the coherent light from a small laser aimed at the
interface of a single ice crystal and antifreeze solution, between
the melting and freezing points, a threefold increase in light
scattering was observed over that from an ice-water interface
(Wilson and DeVries 1987). Increased scattering is indicative of
increased surface roughness, which is consistent though not
confirmatory of the small, curved growth fronts of ice between
adjacently adsorbed antifreeze molecules predicted in the ad-
sorption-inhibition mechanism. This season, with refined tech-
nique of growing large single ice crystals, the increased surface
roughness that caused the increased light scattering was ob-
served under light microscope to be limited ice growth on the
basal plane. No growth was detectable on the prism faces. The
growth on the basal plane occurs at any point between the
melting and freezing points and results in characteristic hex-

agonal "pits." Both antifreeze peptides and antifreeze glycopep-
tides examined caused pit formations on the basal plane. The
presence of ice growth on the basal plane, and the absence of it
on the prism faces, were further demonstrated by immersing
large single crystals in a solution of antifreeze glycopeptides
dissolved in tritiated water. Scintillation counting analysis
showed that radioactivity was incorporated in the shavings of
the basal plane, but not the prism faces. These results suggest
that antifreezes have a great affinity for and adsorb to the prism
faces. In the following season, light scattering experiments will
be performed with coherent light aimed at the interface of prism
face of single ice crystal and antifreeze solution, to detect the
possible presence or increase of submicroscopic surface
roughness.

This research was supported by National Science Foundation
grant DPP 84-15266.
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