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Molecular biological studies in
fishes of McMurdo Sound
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This project addresses two of the most interesting
problems for molecular biologists in Antarctica: (1) the
regulation of metabolism for adaptation to the cold, and
(2) the biosynthesis of antifreeze glycoproteins (AFGP) for
freezing resistance. Cold adaptation in polar fishes has
been described in the classic studies of Wohlschlag
(1964) and Scholander et al. (1953). Studies of AFGP were
pioneered by DeVries (1974) and Feeney (1974) and
their colleagues.

Our approach is based on the use of kinetic methods
originally developed for temperate fish in vivo. These
include measurement of amino acid transport (Persell
and Haschemeyer, 1976), protein synthesis by rapid
pulse methods (Haschemeyer, 1969; Mathews and Has-
chemeyer, 1978) and by constant infusion (Hasche-
meyer and Smith, 1979), and protein secretion (Hasche-
meyer, 1973).

Table 1 summarizes transport and protein synthetic
data for the liver of Trematomus hansoni in vivo. Levels
of amino acid (A) in the liver and plasma following the
injection into the hepatic portal vein are compared to
inulin (B) used as a marker for extracellular space. At
tracer concentrations (0.05-0.1 mM), all three amino
acids show uptake, as evidenced in column 3 by the re-
duction of the ratio of amino acid to inulin in plasma
compared to the value (1.0) of the injection solution.
Accumulation of alanine and leucine in the liver is
shown in column 4 by elevated amino acid/inulin ratios
there; tyrosine shows little or no accumulation. As con-
centrations of injected leucine increase, uptake reaches
saturation, as expected for carrier-mediated transport.
Preliminary kinetic analysis of these and other data sug-
gests that this transport system at 0° C functions as well
as that studied in temperate fish at 20° C. Protein syn-

thetic data, including the fractional incorporation rate
(column 5) and polypeptide chain assembly time (col-
umn 6) also are consistent with a cold-adapted state.

Quantitative synthetic rates determined by the con-
stant infusion method are presented in table 2. With the
exception of muscle, high rates of synthesis are found
in all tissues, indicating continuous replacement of pro-
teins or turnover. White muscle is the only tissue show-
ing a significant response to food deprivation; the dif-
ference in rates for fed and starved fish represents the
probable daily growth increment for the species at this
season (0.11 percent per day).

Comparison of the data of table 2 with results of sim-
ilar studies in temperate and tropical fish indicates sig-
nificantly higher synthetic rates than expected at these
low temperatures. Thus, protein metabolism may play
an important role in cold adaptation.

The known relationship of thyroid hormones to pro-
tein metabolism and basal metabolic rate in mammals
prompted an examination of circulating triiodotyronine
(T3) in these species by radioimmunoassay. Preliminary
results showed high levels, averaging 4.7 ± 0.8 (3), 5.7
± 1.3 (6), 6.0± 0.9 (3), and 7.8± 0.8 (4) nanograms per
milliliter in T. hansom, D. mawsoni, T. bernacchii, and T.
borchgrevinki. These results are presented ± standard
deviation (number of animals).

DAYS

Time course of appearance of AFGP and other plasma pro-
teins in blood of T. hansoni at -1.5°C following 6-hour con-
stant Infusion of 14C-alanlne (circles) or 14C-tyrosine (trian-
gles). Lower curve (open circles) = AFGP. Results expressed
as fractions of total polypeptlde synthesis of intrahepatic

protein, acid-Insoluble plasma proteins, and AFGP.

Table 1. Amino acid transport and protein synthetic parameters in T. hansonl in vivo measured 5 minutes after pulse
Injection of 14C-amlno acid and 3H-lnulin in 0.1 milliliter saline into hepatic portal vein (temperature = 0° C) *

Injection	 Aver. polypeptide
concentration	 % Aprotein /Ai	chain assembly time

Amino acid	 mm	 (AJB)piasma	 (A1B)iiver	per minute	in minutes

Aianine
Tyrosine
Leucine
Leucine
Leucine
Leucine

0.1	 0.40 ± 0.17 (5)	1.50 ± 0.40
0.05	0.50 ± 0.13 (5)	0.93 ± 0.06
0.1	0.31 ± 0.08 (13)	1.67 ± 0.27
5	 0.38 ± 0.07 (3)	1.34 ± 0.20

15	 0.43 ± 0.10 (9)	1.13 ± 0.20
50	 0.50 ± 0.05 (7)	0.98 ± 0.07

	

0.4±0.2	 22±6

	

4.4±1.8	21±4

	

1.6±0.6	20±5

	

0.5±0.1	 -

	

0.4±0.2	 -

	

0.2±0.1	 -
* Results presented ± standard deviation (number of animals).
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The biosynthesis of AFGP and other plasma proteins
was examined in T. han,oni at various times after infu-
sion of radioactive amino acids (see accompanying fig-
ure). The plasma proteins account for 32 percent and
AFGP for about 4 percent of total liver polypeptide syn-
thesis. AFGP in plasma was identified by DEAE-cellulose
chromatography and sDs-gel electrophoresis. These
methods, however, revealed no significant pool of intra-
cellular AFGP in any of the tissues listed in table 2. Ex-
periments are in progress to identify possible precursor
forms in liver and other tissues that may synthesize AFGP.

As a first step toward isolation of the antifreeze gene,
deoxyribonucleic acid (DNA) was purified from several
species by hydroxyapatite chromatography. In view of
the repeating alanine-alanine-threonine sequence of
AFGP, a repetitive DNA may be involved. Depending on
the choice of third base in the codon, such a DNA could
have a guanine-cytosine (GC) content as high as 90 per-
cent. This would lead to banding in CsC1 gradients at a
density well above that of the main-band DNA of other

Table 2. Protein synthetic rates In tissues of antarctic fishes
determined following infusion of 14C-tyrosine into caudal
vein for 16 hours at -1.5° C; results for Trematomus ber-
nacchll, T. hansoni, T. newnesi, and Gymnodraco acuticeps
averaged with standard deviation of the groups and number

of individuals (all fish collected October-December 1978)

(Percent of tissue protein synthesized per
day [k5])

Freshly caught	Food withheld
Tissue	 fish (fed)	(1-2 weeks)

Liver	 6.4 ± 2.2 (10)	7.5 ± 2.1 (11)
Gill	 2.7 ± 1.6 (10)	3.3 ± 1.1 (11)
Spleen	 1.7 ± 1.4 (8)	1.4 ± 0.7 (5)
Head kidney*	2.2 ± 0.2 (5)	3.9(l)
Posterior kidney*	0.7 ± 0.2 (5)	0.5(l)
Red muscle*	0.31 ± 0.02 (5)	0.22(l)
White muscle	0.17 ± 0.05 (10)	0.06 ± 0.02 (11)

* Determined in T. newnesi and G. acuticeps only.

fishes (Thiery, Macaya, and Bernardi, 1976). Analysis of
the antarctic fish DNA is being carried out in collabora-
tion with G. Bernardi, University of Paris.
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Fowl cholera outbreak among
brown skuas at Palmer Station
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During a five-day period (4-8 February 1979), we
were astonished by the sudden deaths of four pairs of
our banded and color-coded adult brown skuas (Cathar-
acta lonnbergi) on their nesting sites at a time when their

large chicks were nearly fledged. Surprisingly, the chicks
outlived their parents but presumably were lost when
left unattended.

The deaths occurred on Litchfield Island in the Pal-
mer Station area. As many as eight pairs of our marked
brown skuas have bred on the island since 1974. In the
1978-79 season, however, we were able to locate only
five pairs, including the four that died.

Four of the carcasses were frozen and shipped to the
diagnostic laboratory at the University of Minnesota.
There it was determined that the brown skuas had died
of fowl cholera (Pasteurella multocida), strain 1-X73,
which is the most virulent strain known of the disease.
Fowl cholera is a bacterial syndrome characterized by
inverted age resistance, hence its confinement to the
adult birds.

Brown skua carcasses subsequently were found on
Torgersen Island (five birds), where the one nesting
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