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Adaptation to cold involves adjustments in biochemical sys-
tems that allow antarctic fish to maintain adequate metabolic
rates despite the strongly rate-depressing effects of low body
temperature. In fishes of McMurdo Sound, rates of protein
synthesis are two to three times those expected at the habitat
temperature of -1.8°C (Smith and Haschemeyer 1980). The
system, however, is unusually sensitive to elevated tempera-
tures. Synthetic rates in liver were found to increase normally
with temperature only up to 7°C both in vivo (Haschemeyer
1982) and in hepatocyte culture (Haschemeyer and Mathews in
press). This sensitivity may account for the very low incipient
lethal temperature of 6°C reported in these species (Somero and
DeVries 1967). In contrast, cell-free protein synthetic systems
are active from 0°C to 30°C (Haschemeyer and Williams 1982).

During the past field season (January-February 1982) at Pal-
mer Station we initiated studies on protein synthetic adapta-
tions in peninsular fishes, including the hemoglobin-free ice-
fishes. Good yields of the nototheniids Notothenia coriiceps ne-
glecta and N. gibberifrons and of the channichthyd Chaenocephalus
aceratus were obtained by trawling from the R1V Hero in Dallman
Bay and at Low Island. Specimens of N. larseni, N. mssii, N.
nudifrons, Chionodraco hamatus, Parachaenichthys charcoti, and Ly-
cenchelys nigripalatum also were collected. Data on body weight
and reproductive status are summarized in table 1. C. aceratus
(figure 1) and Ch. hamatus showed advanced ovary develop-
ment. Blood and DNA samples were obtained from all species.
Protein synthesis experiments were carried out in vivo, using a

Figure 1. Chaenocephalus aceratus, 1.8-kilogram female, ovary
weight 140 grams.

pulse injection into the caudal vein of 150 millimolars of car-
bon-14-phenylalanine (220 disintegrations per minute per
nanomole) at a total dose of 45 micromoles per 100 grams of
body weight. Specific radioactivity of l-phenylalanine in pro-
tein-bound form and in tissue-free pools was determined after
various times by fluorometry and scintillation counting; this
was used to calculate the percentage of tissue protein syn-
thesized per day by the method of Garlick, McNurlan, and
Preedy (1980).

Table 2 summarizes the results of preliminary data analysis.
Rates for muscle in feeding fish and for liver (including plasma
protein synthesis) in all fish averaged two to three times those
predicted for temperate fish (Smith and Haschemeyer 1980),
indicative of adaptation to cold. Nonfeeding fish showed in-
creased synthetic activity in liver (relative to liver protein con-
tent) and significantly reduced activity in muscle, the latter

Species

Table 1. Body weights and gonad and liver data for fish collected near Palmer Station, January 1982

gonad weight	 liver weight

Body weight	body weight	 body weight
Sex	(grams)	 (percentage)	 (percentage)

Ovary protein
(mg/g wet weight)

3.0 ± 1.0 (10)
6.6 ± 0.8 (13)
2.5 ± 0.8 (14)
4.4 ± 0.9 (7)
1.2 ± 0.2 (5)

2.3 (7)C
N.D.
1.8
5.6
2.0

N.D.b
132 ± 19 (8)

N.D.
110 ± 17(5)
65 ± 2 (3)

N.D.
63 ± 2 (2)

N.D.
N.D.
N.D.

Chaenocephalus aceratus	M	350-840	 1.6 ± 0.7 (10)8
F	510-2,210	11.2 ± 2.0 (13)

Notothenia coriiceps	 M	580-1,630	4.6 ± 0.9(14)
neglecta	 F	930-1,400	6.7 ± 2.4 (7)

N. gibberifrons	 M&F	340-610	 1.5 ± 0.6 (6)

N. nudifrons	 M&F	30-40	 N.D.
N. rossii	 F	 55-60	 3.5 ± 0.2 (2)
Chionodraco hamatus	 M	 495	 2.0 (1)

F	 510	 10.6 (1)
Lycenchelys nigripalatum	M	 97	 0.25 (1)

a Mean ± 1 standard deviation; numbers in parentheses indicate number of fish measured.
b N.D. = not determined.

The seven fish (bodies and livers) were measured together; hence no standard deviations.
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Table 2. Protein synthetic rates In tissues of Notothenla corliceps and Chaenocephalus aceratus

Length of
exposure
(hours)

10-30
10-30

30
20

Chaenocephalus	 2°C	 20-30	-	9.8 ± 0.3 (2)	0.12 ± 0.1	 3.5 ± 0.3aceratus

8 Mean ± 1 standard deviation; numbers in parentheses indicate numbers of animals measured.

Exposure
Species	 temperature

Notothenia	 2°C
coriiceps neglecta

4°-8°C

Percentage of tissue protein synthesized per day

Feeding	Liver	 Muscle	 Head kidney

+	8.6 ± 1.7 (3)8	0.30 ± 0.02	3.3 ± 0.3
-	11.7 ± 3.2 (3)	0.19 ± 0.03	5.2 ± 1.2
+	 4.4	 0.61	 4.0
-	 11.1	 0.39	 6.5

reflecting the loss of muscle protein synthesis directed to
growth. Two fish warmed to 4-8°C showed a normal tempera-
ture-dependent increase of rate in muscle but not in liver. This is
particularly evident in the individual exposed for 30 hours.

These data are the first evidence of a differential response of fish
tissues to temperature change.

Experiments on protein synthesis in the hematopoietic head
kidney of these species were initiated in an effort to account for

Toll I
Figure 2. The head kidney (upper) and trunk kidney (lower) in the notothenild N. corliceps (left) and the icefish C. aceratus (right).
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the failure of hemoglobin synthesis and red blood cell develop-
ment in the icefishes. Erythrocytelike cells were present at
concentrations of only 0.03-0.1 x 108 cells per milliliter in plas-
ma of C. aceratus and Ch. hamatus, compared with values averag-
ing 11 x 108 in the four nototheniid species and 17 x 108 in L.
nigripalatum. The appearance of the head kidney and trunk
kidney of C. aceratus resembled that of N. coriiceps (figure 2)
except for the almost complete absense of pigmentation. The
amount of head kidney as a percentage of body weight was 0.56
± 0.23 in C. aceratus (12 animals measured) and 0.65 ± 0.15 in N.
coriiceps (12 animals measured). The results in table 2 indicate
high rates of protein synthesis in head kidney of both species.
Future studies will examine the distribution of proteins
synthesized.

The field party included A. Haschemeyer, C. DiPrisco, S.
Rappaport, H. Jannasch, and R. Devereaux. The project was
supported by National Science Foundation grant DPP 80-21454.
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Temperature and levels of
glycopeptide antifreeze in antarctic

fishes
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Our field season began in early October 1981 with the arrival
of W. Van Voorhies, S. Munsell, and J. Alhgren of the University
of Illinois. R. Williams of Vanderbilt University, D. Powers of
Johns Hopkins University, and J. C. Ellory of the Physiological
Research Laboratory, Cambridge University, joined the group
during the latter part of the season.

Two fishing stations were established on the ice of McMurdo
Sound and were maintained until late December, when sea-ice
conditions became too hazardous to support the vehicles used
to move the fish houses across the tidal crack. From these
stations, specimens of the various Trematomus fishes and 300
specimens of the large antarctic cod, Dissostichus mawsoni, were
obtained. Most of the Dissostichus were too large for our experi-
ments and thus were weighed, measured, tagged in three
places, and released. Some of the smaller specimens were trans-
ported to the Jamesway aquarium and used for studies of the
distribution of antifreeze in the bile, intestinal fluid, and other
tissues spaces, and for studies of glycopeptide antifreeze
turnover.

One of the Dissostichus had been captured 7 years earlier. The
three tags were intact, and the tissue surrounding them showed
little erosion or tissue reaction to the tag. Over the 7 years the
fish had increased in length from 120 to 141 centimeters, and in
weight from 21.7 to 37.6 kilograms. It appeared to be healthy
and well fed. The recapture indicates that this species returns to

McMurdo Sound; its rate of growth is moderate despite the low
water temperatures of the high latitudes of the southern ocean.

This season also marked the completion of our studies of the
effects of warm acclimation on the concentration and synthetic
rate of antifreeze glycopeptides in antarctic fishes. To examine
the problem we acclimated two groups of Pagothenia
borchgrevinki for 7 weeks, one group at + 4°C (warm acclimation)
and the other at –1.5°C (environmental temperature of
- 1.9°C). The effect of temperature on rate of synthesis of anti-
freeze glycopeptide was investigated using isolated
hepatocytes in culture over a 5-day time course. Cell viability
was monitored by trypan blue staining, INT Formazan incor-
poration, and incorporation of carbon-14–leucine into TCA (tri-
chloroacetic acid) precipitable protein. The isolated hepatocytes
effectively incorporated labeled amino acids for 5 days. Incor-
poration of hydrogen-3–alanine into antifreeze glycopeptides
followed Michaelis-Menton kinetics, with a maximum velocity
of 20 and 32 nanomoles per milligram of protein per hour at
–1.5°C and +4°C, respectively. Polyacrylimide gel elec-
trophoresis showed that isolated hepatocytes synthesize all
four antifreeze fractions found in the serum of P. borchgrevinki
(O'Grady, Clarke, and DeVries 1982).

The table shows the freezing point depressing activity of
antifreeze glycopeptides from the serum of warm- and cold-
acclimated fishes. Warm acclimation had little effect on the
levels of antifreeze glycopeptide in the serum. Since antifreeze
glycopeptides have a long turnover time-3 weeks or more
(DeVries 1974)—this finding suggested that changes in levels of
antifreeze mRNA (messenger RNA) had occurred that could not
be detected by changes in antifreeze activity in the serum.
Therefore, we examined the effects of warm acclimation on
levels of antifreeze mRNA by indirectly comparing translational
activity from warm- and cold-acclimated specimens using a cell-
free translation system.

Figure 1 shows a comparison of wheat germ translation prod-
ucts from poly A containing RNA from the black cod, Notothenia
angustata, and from D. mawsoni. Translation products corre-
sponding to antifreeze glycopeptides in D. mawsoni were deter-
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