
penguins started in 1964 was completed in February.
We gratefully acknowledge assistance in the field

by Mike Ellis and Peter Oliver (members of New
Zealand's Queen Scouts and Boys' Brigade, respec-
tively), Richard Paul and D. Andrew Saunders
(Utah State University), and Roberto Schlatter
(Johns Hopkins University).
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Comparative Biochemistry of Proteins
ROBERT E. FEENEY

Department of Food Science and Technology
College of Agricultural and Environmental Sciences

University of California, Davis

The program of our laboratory concerns the re-
lationship of the fundamental structure of proteins—
including enzymes—to function. Two main programs
related to adaptation and evolutionary changes are
under way: 1. Study of the proteins and enzymes
from cold-adapted antarctic fish, to determine the
causes of their unusual properties; 2. A program on
the egg-white proteins and blood proteins of pen-
guins, directed primarily at the taxonomic inter-
relationships of these animals.

During the 1969-1970 antarctic summer, a six-
member party from the University of California,
Davis, did biochemical research and collected spec-
imens on Ross Island. They were graduate students
Stephen Chan and Jack Vandenheede, student as-
sistant James Phillips, postdoctoral and former stu-
dent Dr. Frank C. Greene, faculty colleague Dr.
Richard C. Criddle, and project director Robert E.
Feeney.

The main program concerned the blood and mus-
cle proteins of the cold-adapted antarctic fish
Trematomus borchgrevinki. Approximately 3,000 T.
borchgrevinki were processed for blood and muscle
preparations. Hearts and livers were taken from ap-
proximately 300 individual fish, while lateral mus-
cles were taken from about 600. Plasma or serum
was prepared from blood taken from approximately
2,800 fish; the red cells were used to prepare he-
molyzed solutions of hemoglobin.

The blood serum and blood plasma obtained this
year have been used entirely for continuation of
our studies on the freezing-point-depressing gly-
coprotein (FPDG) reported by Arthur DeVries and
Donald Wohlschlag. Dr. DeVries has continued as
a senior investigator, working on the FPDG in our
laboratory together with three graduate students.
The main work has been on the primary structure—
the sequence of the amino acids—in the FPDG. Re-
sults show that at least part of the structure is a
repeating tripeptide unit of the amino acids alanine-
alanine-threonine, with a disaccharide of N-acetyl-
galactosaminylgalactosyl residue linked to the oxygen
of each threonine side chain. An inactive glycoprotein
fraction whose structure has many features in com-
mon with the active FPDG is also under investiga-
tion.

In the studies on muscle enzymes, the main work
has been with the muscle phosphorylase and lactic
dehydrogenase (LDH). The phosphorylase studies
are not sufficiently far along to be discussed. The
LDH studies show that, contrary to many species, the
enzymes from the heart and lateral muscles of the
cold-adapted fish have very similar properties. They
are also relatively insensitive to higher concentrations
of pyruvate, which is in keeping with a higher
pyruvate concentrations in tissues. Two new enzyme
systems were investigated this year. One is phospho-
fructokinase and the other is cytochrome c from
heart and liver mitochondria. This year's study
showed that the cold-adapted fish mitochondria
cytochrome c was not heat sensitive. Turnover num-
bers at low temperature will be completed this com-
ing antarctic season. A superficial investigation of
the phosphofructokinase indicated that it has no
properties particularly relative to cold adaptation.
Continued studies on the muscle enzyme glyceralde-
hyde-3-phosphate dehydrogenase have demonstrated
a clearcut difference in the effect of temperature:
the fish enzyme is not inactivated by ATP at low
temperatures, whereas the comparable enzyme from
warm-blooded species is inactivated.

Studies are also continuing on the penguin egg-
white proteins. In October, early in the antarctic
spring, three visits were paid to the emperor penguin
rookery at Cape Crozier for the purpose of obtain-
ing frozen emperor penguin eggs. A total of seven
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eggs were obtained this year, including two that were
collected on a prior visit to the area by a New
Zealand party. Of the seven, three appeared to be
in good shape for biochemical studies, and two of
these were in perfect condition. The eggs were ob-
tained by a diligent search of peripheral areas of
the rookery, where they are usually found frozen
beneath the surface of the ice. Only those eggs that
have been completely covered with ice are suitable
for studies. In all cases, to be used they must have
been frozen very quickly after they were laid, so
as to prevent embryo growth, microbial spoilage,
physical breakage, or dehydration.

Figure 1. Fish house containing the electronics gear. Note telemetry
receiving antenna.

Studies at McMurdo Station of the
Population Dynamics of Antarctic Seals

DONALD B. SINIFF

Department of Ecology and Behavioral Biology
University of Minnesota

During the 1969-1970 field season at McMurdo,
studies were carried out in four areas: (1) telemetry
observations of the activity patterns of Weddell seals,
including search for a durable transmitter attach-
ment suitable for monitoring migration; (2) record-
ing of the underwater behavior of Weddell seals by
means of a submerged television camera; (3) sam-
pling of seal blood for electrophoretic analyses and
karyotype studies; and (4) aerial census of seals
(with the aid of photographic personnel of the U.S.
Geological Survey).

For the telemetry and underwater television
studies, a fish house (Fig. 1) was placed at Hutton
Cliffs, approximately 10 miles from McMurdo Sta-
tion. Several methods of attaching small radio trans-
mitters were tested: (1) attachment with suture
material to the surface of the seal, (2) implantation
into the fat layer in the upper back area, (3) lash-
ing about the ankle portion of the rear flipper, and
(4) attachment with plastic pins inserted through
the tail. Of these methods, the ankle and tail attach-
ments were the most promising; however, none of
the attachments lasted more than one month. Data
on the activity patterns of the instrumented seals
were recorded on a strip chart, as described by Siniff
et al. (1969). Pups were also instrumented with a
small transmitter pinned through the rear flipper,
and the activity patterns of the mother and her pup
were recorded simultaneously. These data are cur-

rently being analyzed and combined with the data
collected during the 1968-1969 field season.

Historically, considerable effort has been expended
in trying to observe the underwater behavior of the
Weddell seal. To further these attempts, a closed-
circuit underwater television arrangement was ini-
tiated this year on a trial basis to see whether the
operation of such equipment was feasible in the Ant-
arctic. These trials were very successful and far ex-
ceeded our expectations. Visibility under the ice was
excellent, and in early October seals could be distin-
guished to distances of 30 m from the camera. This
visibility decreased as the season progressed due to
the plankton bloom; however, it was possible to
monitor behavior up through December 7. Data were
recorded on a video tape recorder (Fig. 2) and
brought to the U.S.A. for further analysis. Perhaps
the greatest success with this equipment was the

Figure 2. Electronic equipment used to monitor seal behavior.
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