
arctica; however, the Cape Roberts site seemed sparse in com-
parison with the two other sites, Cape Bird (site 5) and
Inaccessible Island (site 6). At Cape Bird, which was ice-free,
L. helicina, C. antarctica, Beroe cucurnis, and Callianira cristata (=
antarctica?) were extremely abundant. The culmination of our
stay in McMurdo came, however, at site 6. This site was about
100 meters back from the ice edge. The following large gelat-
inous organisms were abundant: L. helicina; C. antarctica; S.
bitentaculata; D. antarctica; the new cydippid collected at Cape
Roberts; Callianira cristata; and Sal pa thorn psoni. Further, an un-
identified physonect siphonophore was abundant here, as well
as the ice fishes, Pagothenia borchgrevinki and Trernatornus ber-
nacchii. As one might expect, this was the last dive of our trip.

The main objective of our first trip was to determine the best
way to study the gelatinous zooplankton of the Ross Island
area, and we feel that this was accomplished. It is apparent to
us that open water or the ice edge are the best places to collect
gelatinous zooplankton. Because we had our laboratory close
to McMurdo Station, we had to make long trips to and from
all of our dive sites except for site 1. This made working in
McMurdo much more difficult than working off a ship. This
coming season, we plan to work out of a field camp, so as to
minimize travel time from dive site to laboratory.

The results of our first trip were encouraging. One paper
has been submitted (Larson, in press), and another is in final

draft form (Janssen and Harbison, in preparation). The second
paper deals with a previously unrecorded association between
the hyperiid amphipod, Hyperiella dilatata, and the scypho-
medusa, Diplulrnaris antarctica. It appears that this association
provides a refuge (for certain size classes) from predation by
P. borchgrevinki. This amphipod can constitute a major part of
the stomach contents of the fish (Foster, Cargill, and Mont-
gomery 1987). Work is continuing on the description of the
new cydippid ctenophore. More data is needed before work
on any other papers can be completed.

This research was supported by National Science Founda-
tion grant DPP 86-13388.
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Antifreeze glycoproteins:
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During the past year, our studies of the antifreeze glyco-
proteins have involved four primary endeavors:
• initiating a program on the effects of the attachment of amino

acids to the C-6 hydroxyls of the side chains sugars of an-
tifreeze glycoproteins,

• finishing the main phase of a study on the influence of
nucleation conditions on the growth and crystal habits of
ice,

• initiating laser interaction studies at the interface between
the antifreeze glycoprotein solution and a single c-axis-grown
crystal, and

• initiating studies on the attachment of different derivatives
of sialic acid to the carbohydrate side chains of antifreeze

glycoproteins. In addition, during the past spring, we made
arrangements to acquire over 100 milliliters of blood serum
from the saffron cod (Eleginus gracilis) at Kotzebue, Alaska.
(The samples were obtained through the cooperative assis-
tance of the Alaska Marine Advisory Service.)
Obtaining the saffron cod sera has been important to us,

because the main component of antifreeze glycoprotein in this
species is unique. Our laboratory has shown that the smaller
peptides are from 16 to 19 amino acids long and contain an
arginine residue penultimate to the C-terminal alanine. They
are very similar to those from the other species which contain
14 and 17 amino acids (sometimes called antifreeze glycopep-
tides 8 and 7, respectively) but contain an additional glyco-
peptide of arginine and alanine at the C-terminal, as previously
shown by our laboratory (Burcham et al. 1986). These smaller
arginine-containing peptides from the saffron cod also have a
unique activity profile, and they offer the possibility of making
chemical derivatives of the penultimate arginine, work which
is presently underway in our laboratory.

All of these studies have the general objective of further
understanding the mechanism by which the antifreeze gly-
coprotein functions at the ice/solution interface (Brown et al.
1985; Feeney, Burcham, and Yeh 1986; Feeney 1988). Previous
studies in our laboratory have indicated that antifreeze gly-
coproteins in solution exhibits a hydrophobic side and a hydro-
philic side (Feeney 1988). One specific objective is to determine
whether the carbohydrate side of antifreeze glycoproteins or
the underlying hydrophobic side is on the ice surface. There
are four phases of our study:
• When antifreeze glycoprotein is oxidized by galactose oxi-

dase (with catalase as a conjunctive enzyme), the C-6 alcohol
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groups are oxidized to the aldehydes (figure 1). This is an
active derivative. When this aldehyde is further combined
(reversibly) with sulfite or oxidized to the carboxyl group,
the activity is lost (Vandenheede, Ahmed, and Feeney 1972;
Ahmed, Osuga, and Feeney 1973). In an effort to show
whether this effect was due to the change in acidity or to
the addition of further groups, we have now reduced on
amino acids through the side chain amino group to this C-
6 aldehyde group (figure 1) as the first phase of our study.
We have found these to be active depending upon the de-
rivative. In particular, attaching glycyiglycine at this position
(labeled NR in figure 1), we have obtained the full activity
of the oxidized derivative. The attachment of glycylglycine
introduces both a positive and a negative charge, an am-
photeric character, so this does not cause a change in net
charge. (Feather et al. 1988.)

• The second phase of our work focuses on the effect of nu-
cleation conditions on ice-crystal growth and ice-crystal hab-
its (Harrison et al. 1987). When an oriented crystal was
introduced into an undercooled antifreeze glycoprotein so-
lution, the manner by which the seed ice crystal grew was
dependent on the solution concentration and temperature
of undercooling. Typically, when a seed crystal was intro-
duced into the solution with the a axis perpendicular to the
solution surface, only c-axis growth occurred parallel to the
surface (figure 2). When the same experiment was done in
water, the usual dendritic structure was seen (figure 2). When
the seed crystal was introduced with the c axis perpendicular
to the surface of the solution in antifreeze glycoprotein so-
lutions, c-axis crystals grew directly down into the solution,
whereas in water again the usual dendritic growth occurred.
(These experiments are performed in collaboration with Pro-
fessor John Hallett of the Atmospheric Science Center of the
University of Nevada, Reno.)

• The third phase of the work relates to the definition of the
ice/solution interface. Certain recent experiments have shown
that the ice/water interface under specified growth condi-
tions is far from sharp. The first observation of this effect
using photon correlation spectroscopy was made by Bil-
gram, Guttinger, and Kanzig (1978). Our study of this phe-
nomenon confirmed the existence of anomalous scattering
at the growing interface (Brown et al. 1983) but determined
that the scattering may be derived from a somewhat more
complex set of parameters, including gas microbubbles (Ve-
senka and Yeh 1988). The fact that there is a region of large-
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Figure 1. Properties of products of oxidation and derivatization of
C-6 hydroxyls of antifreeze glycoprotein. From Feeney and Osuga
(1988).

density fluctuation between the solid and liquid phases dur-
ing crystal growth implies that in the presence of antifreeze
glycoprotein the mechanism of ice-growth prevention may
have to deal with this more complicated region, e.g., there
may not be adsorption on a sharp interface, but instead a
spatially broad and diffuse growth-prevention mechanism
might exist. This problem is being investigated using laser
quasi-elastic scattering spectroscopy (Vesenka et al. 1988.)

• Still further studies, done in cooperation with Reinhard
Brossmer of the University of Heidelberg, Federal Republic

Nucleating Crystal

¶

4	.

Figure 2. Crystal growth of Ice In pure water (left) and in 5 milligrams per milliliter of antifreeze glycoprotein solution (right). Growth is
from a single crystal of ice at T = —1.25°C. On the left the c axis is normal to the plane of the page; growth is along the a axis. On the
right the a axis is normal to the plane of the page; growth is along the c axis. From Harrison et al. (1987).
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of Germany, have involved chemically adding derivatives
of sialic acid to the side-chain carbohydrates. This work is
a follow-up on our previous studies showing that, when
sialic acid is added to antifreeze glycoproteins, activity is
lost, but when the sialic acid is removed by the enzyme
sialidase (N-acetylneuraminidase), the activity is restored
(Feeney et al. 1978).
This research has been supported by National Institutes of

Health grant GM 23817 and National Science Foundation grant
CHE 84-05390.
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Thermal conditions under which the evolution of antarctic
fish species occurred are unique among waters of the globe.
Sea temperatures in the Antarctic vary little seasonally. Waters
in the area of the Antarctic Peninsula, location of our field
activities, are severely cold, ranging from - 1.10 to + 3°C in
summer to <- 1.1°C in winter (DeWitt 1971). Our experiments
during 1987-1988 were designed to address two biological
questions related to this unique thermal environment:
• Do tissues of antarctic fishes display a greater capacity for

energy metabolism than would be expected for temperate-

zone animals at equally cold body temperature (i.e., are
antarctic species "metabolically cold-adapted")?

• Is energy metabolism of antarctic fish tissues more reliant
upon oxidation of lipid substrates than upon oxidation of
carbohydrate fuels? The latter question is based upon ob-
servations that many cold-bodied fishes, including nototh-
enioids endemic to the Antarctic (Clarke et al. 1984), possess
substantial corporeal lipid stores. Although known to be
associated with buoyancy adaptation in swimbladderless
notothenioids (Eastman and DeVries 1981), the role of these
lipid stores in energy metabolism has not been clearly re-
solved.
Our austral summer 1988 field activities at Palmer Station

were carried out by a research team consisting of Lisa Crockett,
Eric Lund, and Bruce Sidell of the University of Maine and
collaborating scientist William Driedzic from Mount Allison
University (Canada). Five separate fishing efforts were con-
ducted with benthic otter trawls from RN Polar Duke at loca-
tions in the vicinity of Low Island and off Astrolabe Needle in
Dailman Bay. Although specimens of several fish species were
captured, our experiments focused upon Notothenia gibberifrons
and Trematomus newnesi. Animals were transported in tanks
aboard Polar Duke to Palmer Station where they were main-
tained in aquaria until needed for experiments.

We feel that the controversy surrounding metabolic cold
adaptation of polar fishes has emphasized, inappropriately,
Standard or Routine metabolic processes, i.e., maintenance
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