
Furcilia I	2.98mm	Site D Furcilia U	4.38 mm Site C Furcilia III 4.56mm Site D

Furcilia VJL	9.13mm	Site D Post Larva 10.46mm Site D

Figure 2. Furcilia larvae of Euphausla triacantha from the vicinity of the Antarctic Convergence northwest of South Georgia island.

dance in the vicinity of the Antarctic Convergence, particularly
at site D located north of the convergence. E. triacantha may
require a higher breeding temperature (5° to 7°C) than does
the cold-adapted southern euphausiid species. Samples from
all four study sites visited during austral summer 1979 lacked
the antarctic krill E. superba larvae. Nevertheless, E. superba
larvae were found during the same cruise in the northern
Weddell Sea at stations south of Elephant Island. This finding
is in agreement with findings on krill larvae reported by Irm-
traut Hempel of Kiel University, West Germany (Hempel 1979;
Hempel, Hempel, and de C. Baker 1979). It is becoming
increasingly evident that early larval stages of E. superba are
seen primarily in the Bransfield Strait-Weddell Sea area and
that embryological development takes place at greater depths
(George 1980). On the basis of these results, further experi-
ments on development of krill embryos and larvae will be
performed at Palmer Station during the 1982 austral summer.

I wish to thank Margaret Amsler for her help in the analysis
of larval samples and Ellen Smoller for her help during the
field-sampling effort aboard Islas Orcadas. The research was
supported by National Science Foundation, Division of Polar
Programs, grant DPP 78-27021.
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Protein synthesis and reproduction
in fishes of McMurdo Sound

AUDREY E. V. HASCHEMEYER

Hunter College
The City University of New York

New York, New York 10021

The fishes of Antarctica are a highly specialized group of
vertebrates that have evolved to achieve an extraordinary
degree of cold adaptation (DeWitt 1971). This project is con-
cerned with the molecular basis of temperature adaptation at
the subcellular, cellular, and organismal levels. Studies are
focused on the protein synthetic system, which represents the
final expression of hereditary information and is closely linked
with basal metabolism, growth, and reproduction.

Large numbers of Trematomus species were obtained by
fishing through the ice in the McMurdo area. In addition, 20
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species not previously studied in this project were obtained
by trawling from the icebreakers off Ross, Beaufort, and Frank-
lin Islands. These included representatives of the following
families: Channichthyidae (icefish), Bathydraconidae,
Nototheniidae, and Liparidae.

One of the questions addressed this season was: How do
antarctic fish meet synthetic demands of reproduction under
conditions in which biological reactions are slowed by low
temperatures? Trematomus hansoni, for example, has a rate of
liver protein synthesis at 0°C that is only one-twentieth that
of a mammal of comparable size (Smith and Haschemeyer
1980).

The table presents results for incorporation of 3H-leucine
into protein in liver, plasma, and ovary at varying stages of
gonad development. Fish at an early stage (gonadosomatic
index = 1.4 percent) show most incorporation retained in liver
protein (62 percent), with 30 percent in plasma and 8 percent
in ovary. This pattern changes markedly with ovary develop-
ment. In late-stage fish (gonadosomatic index = 18 percent),
the ovary accounts for 51 percent of total incorporation. In
addition, two-thirds of the radioactivity in plasma protein was
found in polypeptide chains having high molecular weight
(figure 1, track C); these chains are not present in immature
fish (track B). Molecular weight standards are shown in track
A (from top to bottom: 200,000; 116,000; 94,000; 68,000; 43,000);
gels are stained with Coomassie blue dye.

Further analysis was carried out with isolated hepatocytes
prepared by collagenase perfusion in situ at 5°C. Cells were
plated and incubated at 4°C with various radioactive amino
acids in a modified Waymouth's medium. Plating occurred in
3 days, at which time the medium was changed in order to
eliminate free radioactivity. The subsequent secretion of
radioactive protein into the medium is shown in figure 2. Half-
time for secretion was 18 hours, comparable to that observed
for secretion of radioactive plasma protein in vivo. Analysis of
the secretion products from hepatocytes of gravid fish showed
a high proportion of protein in the high-molecular-weight
region (figure 1, track E). Hepatocyte protein (track D) also
showed a faint band here; the band was highly labeled (track
F), indicating active synthesis.

The results are consistent with production of egg proteins
in antarctic fish via the hepatic precursor, vitellogenin, as in

Figure 1.1. Sodium dodecyl sulfate gel electrophoresis of T. hanson!
proteins. (A) Molecular weight standards; (B) plasma protein,
immature fish; (C) plasma protein, gravid female; (D) hepatocyte
protein; (E) secreted protein from plated hepatocytes, gravid
female; (F) 14C-leucine incorporation into hepatocyte protein by
fluorography.

other egg-laying vertebrates. A striking feature of this system,
however, is the fact that as much as 75 percent of liver protein
synthesis is directed to a single protein. The basis for this may
be an unusually large number of expressed genes for vitello-
genin. To examine this question, DNA has been purified from
eight antarctic species (Hudson et al. 1980) and used for prep-
aration of clones hybridizable to liver poly A- messenger RNA
of immature or vitellogenic fish. Five DNA clones found to be

Incorporation of 3H-leucine into protein of liver, plasma, and ovary of T. hanson! and T. bernacchii in vivo at -1.5°C. HSI (hepatosomatic
Index) = grams of liver per 100 grams of body weight; GSI (gonadosomatic index) = grams of ovary per 100 grams body weight

Stage

Early
Middle
Late

Body weight
(grams)

166 ± 56 (9)(
224 ± 82 (3)
188 ± 60 (5)

Relative incorporation

HSIa	 GS1	 Liver (%) -	Plasma (%)

2.5 ± 0.7	1.4 ± 0.5	0.62 ± 0.06	0.30 ± 0.06
4.2 ± 0.6	9.0 ± 0.9	0.41 ± 0.06	0.21 ± 0.08
3.7 ± 0.8	17.8 ± 4.3	0.20 ± 0.04	0.29 ± 0.14

Gonad (%)

0.08 ± 0.02
0.38 ± 0.03
0.51 ± 0.14

Note. Results presented ± standard deviation.
aHSI (hepatosomatic index) = grams of liver per 100 grams of body weight.
bGSI (gonadosomatic index) = grams of ovary per 100 grams of body weight.
CNumbers in parentheses = number of animals studied.
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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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