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Role of glycopeptide antifreeze in
freezing avoidance of antarctic fish

J. A. AHLGREN and A. L. DEVRIEs

University of Illinois
Urbana, Illinois 61801

Our 1983-1984 study began in early October with the arrival
of Jeffrey Ahigren, Jeffrey Turner, Joseph Schrag, and Steve
Munsell, all from the University of Illinois. We established
several fishing houses on the annual sea ice outside of
McMurdo Station and maintained them until mid-December.
Our fishing operation resulted in the capture of over 500 spec-
imens of Dissostichus mawsoni, which averaged 34 kilograms
(range was 9 to 74 kilograms). Most fish were weighed, meas-
ured, tagged, and released immediately after their capture. A
few smaller specimens were transported to the aquarium facili-
ty in McMurdo and used in experiments on the freezing avoid-
ance of antarctic fish. In addition to D. mawsoni, numerous
specimens of Trematomus bernacchii, T. hansoni, T. centronotus,
and Pagothenia borchgrevinki were caught and held until used in
the aquarium facilities in McMurdo.

This season we studied the distribution of antifreeze
glycopeptide (AFGP) in the body fluids of fish and how it relates
to freezing avoidance. The relevance of this question is that by
determining where antifreeze glycopeptides are present and
the manner in which they distribute, an assessment of how
antifreeze protects fish from freezing in ice-laden seawater may
become clear.

Several studies have shown that the antifreeze glycopeptides
are synthesized in the liver as are most serum proteins and are
secreted into the blood (O'Grady, Clarke, and DeVries 1982;
Hudson, DeVries, and Hashmeyer 1979); whether or not the
liver is the only site of synthesis has not been completely re-
solved. To determine the distribution of AFGP in antarctic fish, a
tritium labeled AFGP was injected systemically into Trematomus
bernacchii and after a 12-hour equilibration period (which is long
enough to reach relatively constant levels of plasma radioac-
tivity while minimizing the probability of radiolabel reutiliza-
tion) the major body fluids and tissues were analyzed for radi-
olabeled AFGP. The extracellular space marker (carbon-14)

polyethylene glycol (PEG) (which has a molecular weight of
5,000 daltons) was also injected to allow us to correct for labeled
AFGP trapped in the blood and interstitial fluid of the tissue. The
presence of antifreeze glycopeptides in the body fluids of Dis-
sostichus mawsoni was also determined and estimates of their
concentrations made by several methods, including high-per-
formance liquid chromatography (HPLC), polyacrylamide gel
electrophoresis (PAGE), and the determination of the freezing/
melting point difference of these fluids.

After its secretion into the blood, the AFGP spanning the
molecular weight range from 2,600 to 34,000 daltons appears to
be distributed to the rest of the body in the same manner as
other serum proteins. The level of radioactivity found in the
peritoneal, pericardial, and extradural fluids approached that
measured in the blood after 12 hours. This was as we predicted
because these fluids are most likely formed as filtrates of the
blood. Polyacrylamide gel electrophoresis and HPLC showed
that samples of the peritoneal, pericardial, and extradural fluids
from D. mawsoni contained all of the AFGP's found in the blood
and in the same relative proportions. These samples also
showed significant freezing/melting point differences, with
freezing points below the freezing point of seawater. However,
the presence of antifreeze in these fluids may not be indicative
of their susceptibility to freeze if they were absent, because it
appears that partitioning from the blood into these fluids is
nonspecific. First, they contain many proteins that are appar-
ently derived from the blood, as seen by sodium dodecyl sulfate
(SIDS) SDS-PAGE. Second, the extracellular space marker (car-
bon-14) PEG partitioned into these fluids at the same rate as the
AFGP's, which again suggests that the movement of large mole-
cules is through relatively large pores.

In contrast to the fluids which are formed as blood filtrates,
which contain all of the AFGP's, fluids formed by secretory
processes appear either to lack or to contain only very low levels
Of AFGP's. Both HPLC and PAGE indicate that the ocular fluids,
urine, and endolymph contain only very low levels of AFGP.
These fluids also have a very small freezing/melting point dif-
ference, and all have freezing points significantly warmer than
- 1.9°C. Twelve hours after the injection of [3H] AFGP into the
blood, the ocular fluids and urine had very low levels of radioac-
tivity, indicating that there is a barrier present which prevents
the influx of radioactive AFGP from the blood (endolymph was
not obtained from T. bernacchii). The fact that the freezing points
are warmer than the freezing point of seawater indicates that
these fluids are undercooled by 0.5 to 1.0°C when the fish are in
freezing seawater.
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When tissue hydrolysates were examined for the presence of
radioactive AFGP's, the results indicate that all tissues except
brain contain all of the AFGP's in the extracellular space. How-
ever, the results also showed that only small amounts of the low
molecular weight AFGP's were able to permeate into the intra-
cellular fluid. None of the higher molecular weight AFGP's en-
tered the cells. The intracellular concentration of AFGP was not
measured, so the freezing point of the intracellular fluid cannot
be ascertained. However, it appears that the intracellular fluid is
also undercooled when fish are in freezing seawater. Cell mem-
branes are apparently barriers to ice propagation at tem-
peratures as low as - 10°C (Mazur 1977); therefore it is likely
that the intracellular compartment of polar fish would not have
a requirement for antifreeze.

We conclude from these and previous studies that the role of
AFGP in the prevention of freezing is to provide a barrier to the
inward propagation of environmental ice into any undercooled
body fluid. These fluids include the aqueous and vitreous
humor, endolymph, and urine. In a separate series of experi-
ments, it was shown that the cornea as well as the corneal
epithelium are effective barriers to ice propagation. Therefore,

it appears that the undercooled ocular fluids cannot be seeded
by environmental ice (Turner, Schrag, and DeVries in prepara-
tion). It may be that the extracellular spaces of the integument of
antarctic fish contain high levels of GPAF and that their role is to
prevent ice from entering the undercooled fluids by stopping
propagation through the extracellular spaces of the skin.

This research was supported by National Science Foundation
grant DPP 81-16917.
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The Weddell seal (Leptonychotes weddelli) can dive to depths in
excess of 500 meters and remain submerged for more than an
hour. Bradycardia in Weddell seals has been measured in the
laboratory during forced head immersion (Zapol et al. 1979),
and while free diving beneath the 3-meter thick annual ice
using 80-meter break-off electrocardiogram leads (Kooyman
and Campbell 1972), which examined the first few minutes of
the seal's dives. To monitor the seals while free diving, Hill
designed and constructed a microprocessor-controlled monitor
which could be attached to freely diving seals to measure and
store frequent records of their average heart rate, seawater
depth, velocity, and core temperature.

We had to overcome a number of difficulties in designing a
microcomputer monitor of heart rate and depth for the Weddell
seal. First, the monitor had to be able to withstand high pres-
sure (50 atmospheres) and low temperatures. Second, the
monitor had to conserve power to extend the life of its batteries.
This was achieved by using low-power semiconductor tech-
nology which consumed only 10 milliamperes average. The
microprocessor-controlled monitor and 64 kilobytes of memory
were assembled onto three circuit boards each measuring 10
centimeters x 10 centimeters. The three boards were sand-
wiched and cast into a block of rigid epoxy. The computer was
powered by two epoxy-encapsulated lithium "C" cells which
provide 7.8 volts at 7 ampere-hours.

One of the experimental protocols that we followed was de-
veloped by Kooyman et al. 1980. An adult male seal was se-
lected at one of the colonies near McMurdo Station on Ross
Island, Antarctica and sledged to a previously surveyed field
site at which two holes, 20 meters apart, were drilled through
the annual ice on McMurdo Sound. The field site was chosen to
be at least 6 kilometers from the nearest natural ice crack so that
when a computer-monitored seal was released at this site, it
could not surface to breathe elsewhere. A fish hut, acting as a
field laboratory, with a hole in its floor was placed over one of
these holes and the other entry and exit hole was blocked
during an experiment so that the seal would be obliged to
surface in the field laboratory between dives. The field laborato-
ry contained a Zenith Z90 minicomputer, to which heart rate,
velocity, and depth data were transmitted at 57.6 K baud (57,600
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