
Figure 2. Ichthyologists sorting through the contents of an Otter
trawl during WinCruise I.
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Microtubules are filamentous elements of the cytoskeleton of
virtually all eukaryotic cells. These structures play essential
roles in many cellular functions, including mitosis, nerve
growth and regeneration, maintenance of cell shape, and trans-
port of organelles within cells. Temperature plays a crucial role
in the assembly of cytoplasmic microtubules from their subunit
proteins, called tubulins. The tubulins of warm-blooded ani-
mals (e.g., mammals, birds) assemble to form microtubules at
elevated, physiological temperatures (30-37C). In contrast, tu-
bulins purified from the brain tissue of antarctic fishes poly-
merize in vitro to yield microtubules at the low temperatures (-2
to + 2°C) experienced by these extreme poikilotherms and at
physiological protein concentrations (Williams, Correia, and
DeVries 1985; Williams and Detrich 1986; Detrich, Overton,
Marchese-Ragona, and Johnson unpublished data). Thus, the
tubulins of antarctic fishes must be adaptively modified to per-
mit microtubules to form at low temperature.

Primarily due to the outstanding cooperation and effort
shown by the scientists and crew, all of the objectives of
WinCruise I were at least partly fulfilled. The success of this
cruise should encourage future expeditions during the austral
winter. The National Science Foundation, Division of Polar Pro-
grams, provided the opportunity to study the marine environ-
ment near the Antarctic Peninsula during the austral winter.

During the 1985-1986 austral summer, we collected large
numbers of the nototheniids Notothemia gibberifrons and N. cor-
iiceps neglect a and of the channichthyid Chacnocephalus aceratus
by bottom trawling from iIv Polar Duke (figure 1) near Low
Island and in Dailman Bay near Brabant Island. Specimens of N.
nudifrons, N. larseni, N. (Trematomus) newnesi, Pscudoc/iacnichthys
georgian us, Champsocephalus gun nan, and Parachaenichthys c/ia r-
coti were also obtained in the trawls. Live fish were transported
to Palmer Station where they were maintained in sea-water
aquaria at 0 to +2°C.

At Palmer Station, we continued our studies to determine the
biochemical modifications that facilitate the assembly of the
cold-stable microtubules of antarctic fishes. We have shown
previously that whole brain tubulins (containing both the
alpha-tubulin and beta-tubulin subunits) from these cold-
adapted fishes differ structually from the tubulins of a tempe-
rate fish (the channel catfish Ictalurus punctatus and of a mammal
(the cow) (Detrich and Overton 1986). To determine whether
the structural differences are present in the alpha chains, in the
beta chains, or in both subunits, we compared isolated brain
tubulin subunits from three antarctic fishes (N. gibbcnifrons, N.
coniiceps neglecta, and C. aceratus), from a temperate fish (the
dogfish shark Mustelus canis), and from the cow by one-dimen-
sional peptide mapping (Cleveland et al. 1977) with Staphylococ-
cus aureus V8 protease or with cyanogen bromide (CNBr). Fish
and mammalian tubulins were purified as described previously
(Detrich and Overton 1986), the proteins were reduced and
carboxymethylated (Crestfield, Moore, and Stein 1963), and the
alpha- and beta-tubulins were isolated by preparative elec-
trophoresis. Preliminary analysis of V8 and CNBr peptide maps
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Figure 1. Bottom trawling for fish near Low Island in the South
Shetland Islands. Mark Eichenberger (right) of ITT Antarctic Serv-
ices, Inc., and an unidentified crewman prepare to recover an 18-foot
otter trawl (January 1985). Nets are deployed to depths of 80-120
meters and recovered by means of the deep-sea trawl winch and the
stern A-frame of n/v Polar Duke. (Photo by H.W. Detrich, Ill.)

revealed that alpha-tubulins from the antarctic fishes were
structurally similar but differed significantly from alpha-tu-
bulins of the temperate fish and the mammal. In contrast, beta-
tubulins from all the organisms examined were similar in struc-
ture. These results suggest that the changes that enhance the
assembly of antarctic fish tubulins at low temperatures may
reside largely in the alpha-tubulin chains.

Tubulins from antarctic fishes also differ in net electrostatic
charge from the tubulins of a temperate fish and a mammal
(Detrich and Overton 1986). To estimate this charge difference,
we compared the electrophoretic mobilities of native tubulins
(complexed with the antimitotic drug, colchicine, to prevent
microtubule assembly) from N. coriiceps neglecta and from the
cow (figure 2). Clearly, tubulin from the antarctic fish migrated
more slowly in this nonsieving agarose gel system than did the
bovine protein. From the relative mobilities of the two proteins,
we calculate that the antarctic fish tubulin possesses 1-2 fewer
net negative charges than does bovine tubulin. Together with
the amino acid compositions of antarctic fish and bovine tu-
bulins (Detrich and Overton 1986), these results suggest that the
fish tubulins contain fewer glutamyl residues. We propose that
reduction of the acidic character of the carboxy-terminal regions
of the antarctic fish tubulins (through loss of glutamyl residues)
may contribute to their enhanced capacity for assembly at phys-
iological temperature.

I+1
Figure 2. Agarose gel electrophoresis of native tubulins from an
antarctic fish and a mammal. Samples of tubulins (13 micrograms)
complexed with colchicine were electrophoresed on a 1 percent
(weight/volume) agarose slab gel (60 volts, 2 hours, 4-7 °C), and the
gel was stained with Coomassie Brilliant Blue R-250. Samples: A,
bovine tubulin; B, N. corilceps neglecta tubulin. The origin (0) and
the polarity of the electrodes are indicated. Reprinted with permis-
sion from H.W. Detrich, Ill, and S.A. Overton (1986).

During the past year, we also made significant progress in
three other project objectives. First, the role of antarctic fish
microtubule-associated proteins (MAP) in the assembly of cold-
stable microtubules was explored. Second, tubuilin was pu-
rified for the first time from eggs of the antarctic cod N. coriicep
neglecta, and the heterogeneity of brain and egg tubulins from
this fish was compared. Finally, additional nucleic-acid samples
were purified from two species of antarctic fish to support our
studies of tubulin genes from extreme poikilotherms. Analysis
of the results of these studies is currently in progress.

Field studies were conducted at Palmer Station from late
January to mid-March 1986. I am deeply grateful to Robley C.
Williams, Jr. (Vanderbilt University), Richard E Ludueña (Uni-
versity of Texas Health Science Center at San Antonio), Indira E.
Fernandes (University of Mississippi Medical Center), and
Jonathan H. Dinsmore (Dartmouth College) for their participa-
tion in the field research program. I also thank the personnel of
ITT Antarctic Services, Inc., the captain and crew of i1v Polar
Duke, and the scientists of Palmer Station for the assistance that
they provided to the project. This research was supported by
National Science Foundation grant DPP 83-17724.
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Elucidating accurate population dynamics parameters re-
quires an errorless estimation of age. Age determination can
provide basic life history information such as mortality, popula-
tion age structure, changes in individual growth, as well as
other information which increases our understanding of fish
biology (Ricker 1975). As part of an effort to study antarctic fish
growth and population dynamics, I studied otoliths from a large
number of antarctic fish species. Otoliths, which are aragonitic,
calcium carbonate concretions situated in the membranous lab-
yrinth of teleost fishes (Popper and Coombs 1980), grow as a
fish grows and, because of their physiological importance (bal-
ance organs), may store a large amount of ecological informa-
tion. Investigations of the structural and chemical components
of otoliths can reveal this stored information.

Most age determination investigations have used annual
rhythmic deposition in calcified tissues as time marks.
However, because of the lack of distinct periodicity in antarctic
hydrographic conditions, age determination of antarctic fish
has proven to be difficult. Hence, although the otoliths of ant-
arctic fish do not appear to contain interpretable annual deposi-
tion patterns, finer-scale observation of antarctic fish otoliths
may be of value. It is now possible to determine the age of fish
through the use of daily increments in otoliths. Otoliths were
prepared for scanning electron microscopy (sEM) as described in
Radtke and Targett (1984). External and internal examination of
otoliths from antarctic fish by SEM methodology revealed spe-
cies differences in shape and internal rhythmic patterns that
have been validated to be daily. From these discoveries, it is
possible to estimate the age of large numbers of species.

The discovery of daily increments greatly increases the value
of otoliths as recorders of a fish's past life history. Otoliths may
also hold information about the environmental conditions to
which a fish has been subjected. This information may be re-
solved from the chemical composition of otolith aragonite. Two
chemical analyses hold promise: stable isotopes and strontium/
calcium ratios.

The stable oxygen isotope ratio (oxygen-18/oxygen-16) of cal-
cium carbonate has been shown to be dependent upon the
temperature of the sea water from which it was precipitated
(Urey 1947). In a similar fashion, the oxygen isotope ratio of
otolith carbonate has been postulated to reflect habitat tem-
perature (Devereux 1967). Investigations of the stable isotope
composition of antarctic fish otoliths could provide valuable
information about habitat changes. Data on stable isotopes in
antarctic fish otoliths established their potential as environmen-
tal indicators (table 1). Collection differences, probably associ-
ated with latitude and species differences, were evident. Spec-
imens within the same species collected from colder areas had
higher ratios. Furthermore, areas in the otoliths displayed dif-
ferent isotopic ratios and suggested changes in life history pat-
terns. The causes of these stable isotopic ratio differences are
unknown, but hydrographical relationships are strongly
suggested.

The elemental composition of otoliths could also provide
information on habitat changes. It is possible that strontium
could interchange with calcium in otolith aragonite in a tem-
perature-related fashion in much the same way it does in corals
(Smith et al. 1979). As a result, measurement of strontium and
calcium levels in antarctic fish otoliths would provide hydro-
graphical records of the water masses in which a fish lived.
Strontium/calcium ratios of otolith carbonate could con-
sequently record life history information. Data for antarctic fish
(table 2) supported an inverse relationship between strontium/
calcium ratios and temperature. Dissostichus mawsoni inhabits
colder water masses than D. elegenoides and the strontium/ cal-
cium ratios reflect this habitat preference. Strontium/calcium
ratio measurements hold the exciting potential to map small
differences as related to daily increment size and number.

A combination of structural and chemical analyses of ant-
arctic fish otoliths would provide ecological data which could
not be easily gathered by other methods. In the present inves-
tigation otoliths from selected antarctic fish were analyzed
structurally and chemically. Chemical analyses of stable iso-
topes and elemental concentrations in otoliths suggest that
otoliths may also contain hydrographic and nutritional infor-
mation. A thorough use of structural and chemical analyses in
antarctic fish otoliths may make it possible to link growth to
environmental occurrences. The present studies were intended
to demonstrate the potential of SEM and stable-isotopic and
strontium/calcium ratio techniques. Daily increments and
chemical analyses may not answer all the questions of antarctic
fish biology, but they do make it feasible to reconstruct a record
of a fish's past and to understand the age and subsequent
population dynamics of antarctic fish.
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