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Figure 2. Time course for secretion of labeled protein into the
culture medium by plated hepatocytes of T. hansoni (gravid
female). Total labeled protein released to the medium Is normal-
ized to the level reached at 6 days and is presented with standard
deviation (N 4). Experimental temperature = 4°C.

specific form RNA of gravid fish will be studied to determine
number and arrangement of vitellogenin genes and will be
compared with data for other vertebrates.

Fieldwork was conducted from early September 1980 until
station closing in late February 1981. The field party comprised
A. Haschemeyer, R. Mathews, H. W. Detrich, R. Cohen, R.
Rice, and H. Jannasch. The project was supported by National
Science Foundation grant DPP 77-20461. I gratefully acknowl-
edge the collecting assistance provided by the marine science
technicians and officers of USCGC Glacier and USCGC Polar Star.
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Effect of temperature on levels of
glycoprotein antifreeze in

antarctic fishes

A. L. DEVRIES

University of Illinois
Urbana, Illinois, 61801

This season's work began in late October with the arrival of
J. Schrag, B. Marks, P. Yund, W. VanVoorhies, and S. O'Grady
of the University of Illinois. A. Clarke of the British Antarctic
Survey and J . C. Ellory of the Physiological Research Labora-
tory, Cambridge, England, joined the group during the early
part of the season.

Three fishing stations were established on the ice of
McMurdo Sound and maintained until mid-December, when
sea-ice conditions became too hazardous to transport person-
nel and fish houses. From these stations specimens of the
various Trematomus fishes as well as 200 specimens of the large
antarctic cod (Dissostichus mawsoni) were obtained. Most of the
Dissostichus were weighed, measured, tagged, and released.
Several of the smaller specimens were transported to the
aquarium and used for studies of glycoprotein antifreeze turn-
over.

Seasonal variation in antifreeze concentrations in northern
fishes has been documented (DeVries 1980a). Since fishes
inhabiting McMurdo Sound experience freezing temperatures
throughout the year, with little seasonal variation (0.2°C), we
were interested in the effect of warm acclimation on the con-
centration and synthetic rate of glycoprotein antifreeze in these
fishes. To examine this problem, we acclimated two groups of
Pagothenia borchgrevinki. The first group was held at +4°C

(warm acclimated) for a period of 6 weeks, while the second
group was held at -1.5°C, which approximates their environ-
mental temperature. For both groups, incorporation of 14C-
leucine and 3H-alanine into TCA (trichioroacetic acid) precip-
itable protein, TCA soluble protein, and glycoprotein antifreeze
was measured in isolated hepatocytes (liver cells). Viability of
the isolated hepatocytes was determined by trypan blue stain-
ing, INT Formazan incorporation, and 14C-leucine incorpora-
tion into TCA precipitable protein. In these experiments, iso-
lated hepatocytes effectively incorporated 14C-leucine for 120
hours (figure 1).

The rate of 3H-alanine incorporation into glycoprotein anti-
freeze followed Michaelis-Menten kinetics, with a maximum
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Figure 1. Time course of 3 H-alanine and 14C-leucine incorporation
Into TCA (trichioroacetic acid) precipitable protein over 120 hours
at -1.5°C and +4°C. DPM = disintegrations per minute.
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velocity of 20 nanomoles per milligram of protein per hour at
—1.5°C, and 32 nanomoles per milligram of protein per hour
at +4'C. Glycoprotein antifreeze accumulation in the culture
medium was monitored by radioimmunoassay over a period
of 120 hours in cultures of hepatocytes from cold acclimated
fish (-1.5°C) incubated at —1.5°C and +4°C. The estimated
1110 (temperature coefficient) for the rate of antifreeze synthesis
is approximately 3. Polyacrylamide gel electrophoresis of the
glycoprotein antifreeze produced by the isolated hepatocytes
showed that all four fractions normally present in the serum
of P. borchgrevinki are also synthesized by isolated hepatocytes
(figure 2).

CM's GEL SLICE

Figure 2. Distribution of 3 H-alanine activity from gel slices of gly-
coprotein antifreeze standard fractions, TCA-soluble culture
media, and antibody-treated, TCA-soluble culture media. DPM =
disintegrations per minute; 0 3H-AFGP STD's = tritiated antifreeze
glycoprotein standards.

Two major conclusions can be drawn from this study: (1)
Pagothenia borchgrevinki, unlike many northern fishes, does
not show compensation during warm acclimation; and (2)
environmental factors responsible for the modification of
antifreeze synthesis in northern fishes do not elicit changes in
the rate of antifreeze synthesis in P. borchgrevinki (O'Grady,
Clarke, and DeVries in press).

In a continuation of the study of turnover of glycoprotein
antifreeze, the disappearance of tritium labeled glycoprotein
from the circulation was followed over the course of 5 weeks.
In general, the half-life of the different-sized glycoproteins
was approximately 3 weeks.

With the help of J . C. Ellory, we examined the role of the
glycoprotein antifreeze in the prevention of freezing of the
cytosol of the red blood cells of Dissostichus. Although these
cells are capable of inward transport of potassium, they do not
appear to transport the labeled glycoprotein antifreeze. The
results of these studies agree with those of another that showed
that the cytosol of red blood cells do not contain significant
amounts of glycoprotein antifreeze (DeVries 1980b).

Several grams of glycoprotein antifreeze were isolated this
season and were used to investigate the so-called cooperative
effect of the high-molecular-weight glycoproteins on the freez-
ing point depression of the low-molecular-weight glycopro-
teins. Measurements of the freezing point depression using a
freezing point osmometer (Osuga et al. 1978) suggested that
the presence of small amounts of glycoproteins 1-5, which are
large, potentiated the antifreeze activity of glycoproteins 7 and
8, which are small and have little antifreeze activity by them-
selves. With this technique, however, the dependence on
freezing rate of the small glycoproteins must be considered.
The temperature of initial ice propagation of a seed crystal
while the temperature was lowered slowly was compared with
results obtained from a freezing point osmometer when tem-
perature was lowered rapidly. Results when cooling was slow
indicated no cooperative effects. Thus, the potentiation of
antifreeze activity reported by Osuga and associates (1978)
must be considered an artifact produced by the technique
employed rather than a real phenomenon (Schrag and DeVries
in preparation). Antarctic fishes seldom are observed to freeze
in nature; however, determination of the temperature at which
their body fluids freeze, using slow cooling rates, is useful,
because that temperature would approximate the temperature
at which antarctic fishes would freeze in their environment,
since cooling and freezing of antarctic waters occurs slowly.

This research was supported by National Science Founda-
tion grant DPP 78-23462.
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