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Cold-stable microtubules
from antarctic fish

H.W. DETRICH, III

Department of Biochein istri/
University of Mississippi Medical Center

Jackson, Mississippi 39216-4505

The cytoplasmic microtubules of eukaryotic cells participate
in several fundamental cellular processes (e.g., mitosis, nerve
growth and regeneration, intracellular transport, maintenance
of cell shape, etc.; for a review see Dustin 1984). These fila-
mentous organelles are composed of a major subunit protein,
the tubulin alpha-beta dimer, and in addition they may contain
several classes of microtubule-associated proteins (MAP's). To
date, most studies of cytoplasmic microtubule assembly in vitro
have been performed with microtubule proteins obtained from
the brains of warm-blooded vertebrates. Relatively little is
known about the mechanism of assembly of microtubules from
poikilothermic organisms. The microtubules of cold-adapted
antarctic fishes are particularly interesting, because they must
be assembled and maintained at extremely low temperatures
(approximately —2 to + 2°C), conditions under which most of
the microtubules of warm-blooded organisms depolymerize.
Our project is concerned with the biochemical adaptations that
facilitate the assembly and function at low temperatures of
microtubule proteins isolated from the tissues of antarctic fish.

During the 1984 - 1985 austral summer, we obtained large
numbers of the nototheniids Notothenia gibberifrons and N. cor-
liceps neglecta and of the ice fish Chaenocephalus aceratus by bot-
tom trawling from R/V Polar Duke in the vicinity of Low Island.
Specimens of N. rossii, N. nudifrons, N. larseni, N. (Trematornus)
izewnesi, Harpagifer bispin us, Pseudochaen ichthys georgianus,
Chum psocephalus gunnari, and Parachaenichthys charcoti were also
collected in the trawls. Finally, we obtained additional spec-
ipiens of N. coriiceps neglecta at Arthur Harbor by fishing with
baited hook-and-line. Live fish were transported to Palmer Sta-
ton where they were maintained at 0 to + 2°C in sea-water
aquaria.
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At Palmer Station, we studied the assembly of microtubule
proteins isolated from brain tissue of antarctic fish. We purified
tubulin from the brains of N. gibberifrons, of N. corilceps neglecta,
or of C. aceratus by ion-exchange chromatography of brain su-
pernatant fractions on diethylaminoethyl cellulose (DEAE-

Sephacel) followed by one cycle of microtubule assembly and
disassembly in vitro (cf. Detrich and Wilson 1983). Elec-
trophoretic analysis on sodium-do decyl-sulfate urea-poly-
acrylamide gradient gels (Kim, Binder, and Rosenbaum 1979)
revealed that the purified protein contained the alpha- and beta-
tubulins and was free of MAP'S (figure 1). Between 5 and 10
milligrams of purified tubulin could be obtained from 10 grams
(wet weight) of fish brain tissue by these methods.

When purified N. gibberifrons tubulin [0.5 milligram per milli-
liter in polymerization buffer (PB) containing 1 millimolar
guanosine 5'-triphosphate (GTP), see Detrich and Wilson 19831
was incubated at 20°C, the solution became turbid, demonstrat-
ing that large, macromolecular aggregates had formed. Figure 2
presents a dark-field light micrograph of the products of assem-
bly. Numerous thin filaments, corresponding to microtubules
as shown by negative-stain electron microscopy, are seen in this
image. Furthermore, some of the microtubules remained as-
sembled when the sample was cooled to 0°C. We have estimated
the concentration of N. gibberifrons tubulin necessary to support
microtubule assembly (termed the "critical" concentration) at
low temperature by means of a quantitative sedimentation assay
(Johnson and Borisy 1975). Our preliminary results indicate that
this tubulin assembles to form microtubules at concentrations
above approximately 0.4 milligram per milliliter at 0°C (Detrich,
Overton, and Johnson in preparation). [For comparison, the
critical concentration for assembly of pure tubulin from bovine
brain under similar buffer conditions is approximately 2.5 milli-
grams per milliliter at the physiological temperature of 37°C
(Herzog and Weber 1977), and much higher concentrations of
this tubulin are required to support polymerization at lower
temperatures.] Clearly, then, tubulin from antarctic fishes will
assemble in vitro to yield microtubules at the habitat tem-
perature of these cold-blooded organisms and at physiological
protein concentration. Because these purified preparations lack
MAP'S, we conclude that the cold stability of microtubules from
antarctic fish must result from adaptive changes in the tubulin
subunits themselves. We are currently investigating the struc-
ture and chemical complexity of antarctic fish tubulins. Pre-
liminary analysis of the data suggests that there are significant
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chemical differences between tubulins from antarctic fish and
those from a cow.

Although MAP's do not appear to be required for assembly of
cold-stable microtubules in vitro, they may nonetheless be asso-
ciated with microtubules in vivo. In an effort to identify potential
MAP'S from cold-adapted organisms, we employed the taxol-
dependent protocol of Vallee (1982) to prepare microtubule
proteins (i.e., tubulin and MAP'S) from brains of two antarctic
cods (N. coriiceps neglecta and N. gibberifrons) and of two ice fish
(C. aceratus and Chionodraco hamatus). The MAP fraction obtained
from each of these fish contained a prominent protein of un-
usually high apparent molecular weight, 415,000 to 430,000, as
well as smaller quantities of several proteins with lower mo-
lecular weights (Williams and Detrich in press; Detrich and
Sloboda unpublished results). To our knowledge, MAP'S with
molecular weights greater than 400,000 have not been reported
in temperate fish (Langford 1978; Maccioni and Mellado 1981).
Some of these proteins may represent functional homologs of
MAP'S from warm-blooded vertebrates, and the general sim-
ilarity of the MAP'S from the cold-adapted fishes suggests that
they may be structurally or functionally related to each other.

Figure 2. Dark-field light micrograph of microtubules assembled in
vitro from N. gibberifrons brain tubulin. The tubulin sample (0.5
milligram/milliliter in a polymerization buffer containing 1 millimolar
GTP)was incubated at 20°C for 73 minutes prior to preparation of the
micrograph. (The bar represents 20 microns.)
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Figure 1. Electrophoretic analysis of brain tubulin from N. gib-
berifrons. Tubulin (20 micrograms) was electrophoresed on a so-
dium-dodecyl-sulfate urea-polyacrylamide gradient gel as de-
scribed in the text, and the gel was stained with Coomassie Brilliant
Blue R-250. Electrophoretic migration was from top to bottom, and
the molecular weights of standards run on the same gel are given in
thousands on the vertical axis. The positions of the top of the gel,
the dye front (DF), and the alpha- and beta-chains of tubulin are
indicated.

Another goal of this project is to characterize the genes en-
coding antarctic fish tubulins by the techniques of molecular
biology. To support these studies we purified additional nucleic
acid samples from five species of antarctic fish during our first
field Season.

Field work was conducted at Palmer Station from early Janu-
ary to mid-March 1985. I am deeply indebted to Steven T. Case
and Susan Overton of the University of Mississippi Medical
Center, to Kenneth A. Johnson of the Pennsylvania State Uni-
versity, and to Roger D. Sloboda of Dartmouth College for their
participation in the field research program. I also gratefully
acknowledge the assistance provided to the project by the per-
sonnel of ITT/Antarctic Services, Inc., by the captain and crew
of RIV Polar Duke, and by the scientists of Palmer Station. This
research was supported by National Science Foundation grant
DPP 83-17724.
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Growth resolution of antarctic fish
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Not much is known about the processes by which antarctic
fish function within their ecosystem. To learn more about this
group of fish, which has no counterpart anywhere in the world,
a detailed investigation of growth is needed. Historically,
growth processes of antarctic fish have been determined by
collecting fish of various sizes. These methods measure only
contemporary situations rather than past environmental condi-
tions which may have profoundly affected population dynam-
ics. The fish's growth record and concomitant environmental
factors may be available, however, from the fish's otoliths when
the proper techniques are employed.

The otoliths of fish are six calcium carbonate concretions in
the aragonite crystal form (Irie 1955; Degens, Deuser, and
Haedrich 1969; Radtke 1984). Three otoliths (sagitta, lapillus,
and asteriscus) are found on each side of the brain cavity in the
membranous labyrinth of the inner ear (Lowenstein 1971; Pop-
per and Coombs 1980). The location of otoliths in relation to the
brain of the icefish, Chaenocephalus aceratus, is shown in figure 1.
The largest otolith, the sagitta (identified by the arrow), is
pecies specific (Hecht 1978) and is the otolith most used in age

determination. In this study, we are using all six otoliths to
provide growth information.

Otoliths have been used for yearly age determinations in
temperate fish through visualization of opaque and hyaline
zones. This internal arrangement of components results from
seasonally controlled periods of growth. However, in antarctic
fish very little temperature seasonality is present. This has
made it difficult to determine the age of antarctic fish and,
consequently, has led to frustration in the determination of life-
history information.

Pannella (1971) found micro-increments in the otoliths of
fishes and postulated that the micro-increments were daily in
occurrence. Since then, daily increments have been found in a
large number of fish species. Townsend (1980) first reported
that otolith microstructure is found in antarctic fish and sug-
gested that these micro-increments represent daily growth pat-
terns as in other fishes. This study has been expanded by
Radtke and Targett (1984) to make it possible to devise a growth
model for the antarctic fish, Notothenia larseni. The present
research is a further expansion in the use of otolith microstruc-
ture to provide growth information.

In this study, we have investigated the microstructure in the
otoliths of dominant antarctic fish and have validated daily
increments in Notothenia gibberifrons, Trematomus newnesi, and
Chaenocephalus aceratus through the use of tetracycline to mark
the otoliths. By examining the daily increments (figure 2), we
have been able to distinguish growth stanzas and eliminate the
ambiguity of growth determinations. Our research has demon-
strated that antarctic fish grow slowly and that daily increments
in otoliths have the ability to record long-term activity in both
adult and larval fishes. Scanning electron microscope (SEM)

examinations of otolith internal structure has increased the res-
olution of daily increment enumeration and has made it possi-
ble to survey the core region of a fish's otolith and, thus, to
determine growth history (figure 3) and to define events which
have affected growth. Later, results of our SEM studies will be
compared with results of other SEM studies of fish of different
trophic levels to analyze the differences in growth rates and
patterns. Applying the SEM techniques to the study of otoliths
has added a new dimension to antarctic fish population studies.

The captain and crew of the RIV Polar Duke and the Palmer
Station personnel are acknowledged for their help with sam-
pling and logistics. Craig Rowland and Scott Folsom helped
with data analyses. A special thanks is due to the Director of
Polar Programs for permitting the senior author to travel to
Palmer Station despite being handicapped. This research was
supported by National Science Foundation grant DPP 82-14492.
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