806

*Present address: Village and Post Office Purkhali, Dist. Ropar, Panjab,
India. Acknowledgments. I wish to thank Drs Ian C. McDonald, Meta-
bolism and Radiation Research Laboratory, and H.J. Meyer, Depart-
ment of Entomology, North Dakota State University, Fargo, North
Dakota, for critical review of the manuscript.

Woodhill, A.R., Proc. Linn. Soc. N.S.W. 74 (1949) 224.

Woodhill, A. R., Proc. Linn. Soc. N.S.W. 75 (1950) 251.

Smith-White, S., Proc. Linn. Soc. N.S.W. 75 (1950) 279.

Laven, H., Z. Vererbungsl 85 (1953) 118.

Smith-White, S., and Woodhill, A.R., Proc. Linn. Soc. N.S.W. 79

(1954) 163.

Laven, H., Cold Spr. Harb. Symp. quant. Biol. 24 (1959) 166.

McClelland, G.A.H., in: Genetics of Insect Vectors of Disease,

p.277. Eds J.W. Wright, and R. Pal. Elsevier, Amsterdam 1967.

8 Yen, J.H., and Barr, A.R., Nature 232 (1971) 657.
9 Yen, J.H., and Barr, A.R., J. Invert. Path. 22 (1973) 242.

[0 Barr, A.R., in: Recent Developments in the Genetics of Insect
Disease Vectors, p. 153. Eds W.W .M. Steiner, W.J. Tabachnick, K.S.
Rai and S. Narang. Stipes publications, Illinois 1982.

11 Beckett, E.B., Boothroyd, B., and Macdonald, W. W., Ann. trop.
Med. Parasit. 72 (1978) 277.

12 Meek, S.R., Ann. trop. Med. Parasitol. 78 (1984) 377.

13 Wright, J.D., and Wang, B. T, J. invert. Path. 35 (1980) 200.

14 Yen,J.H., Ann. N.Y. Acad. Sci. 266 (1975) 152.

15 Trpis, M., Perrone, 1. B., Reissig, M., and Parker, K. L., J. Hered. 72
(1981) 313.

16 Subbarao, S.K., Krishnamurthy, B.S., Curtis, C.F., Adak, T., and
Chandrahas, R. K., Genetics 87 (1977) 381.

17 Macdonald, W.W_, in: Symposia of the British Society of Parasitol-
ogy, vol. 14, p. 1. Eds A.E.R. Taylor and R. Muller. Blackwell Scient-
ific Publications, London 1976.

18 Sherron, D. A, and Rai, K. S., J. med. Ent. 20 (1983) 520.

19 Meek, S.R., and Macdonald, W.W., Ann. trop. Med. Parasitol. 76
(1982) 347.

20 French, W.L., Genetics 88 (1978) 447.

21 Subbarao, S.K., in: Recent Developments in the Genetics of Insect

(T Ve S

~3 N

Experientia 42 (1986), Birkhiduser Verlag, CH-4010 Basel/Switzerland

Disease Vectors, p. 313. Eds W.W M., Steiner, W.J. Tabachnick, K.S.
Rai, and S. Narang. Stipes Publications, Hlinois 1982.

22 Barr, A.R., Nature 283 (1980) 71.

23 Belkin, J. N., Mosquitoes of the South Pacific 2 Vols., Univ. of Calif.
Los Angeles, 1962.

24 Huang, Y.-M., Contrib. Am. ent. Inst. 9 (1972) 1.

25 Huang, Y.-M., Contrib. Am. ent. Inst. 77 (1980) 1.

26 Dev, V., and Rai, K.S., in: The evolutionary significance of insect
polymorphism p.89. Eds M.W. Stock and A.C. Bartlett, Univ. of
Idaho 1982.

27 Dev. V., and Rai, K.S., Ann. trop. Med. Parasitol. 79 (1985) 325.

28 Rai, K.S., Pashley, D.P., and Munstermann, L. E., in: Recent Devel-
opments in the Genetics of Insect Vectors of Disease, p.84. Eds
W.W.M. Steiner, W.J. Tabachnick, K.S. Rai, and S. Narang, Stipes
publications, Illinois 1982.

29 Laven, H., Naturwissenschaften 43 (1956) 116.

30 Barr, A.R., Papers of the 37th Annual Conference of Calif. Mosq.
Control Assoc. Inc., p. 19. California 1970.

31 Dev. V., Genetics of speciation in the Aedes (Stegomyia) scutellaris
subgroup, p. 128. Thesis, Univ. of Notre Dame, USA 1983.

32 Dev, V., and Rai, K.S., Genetica 64 (1984) 83.

33 Dev, V., and Rai, K. S., Proc. Indiana Acad. Sci. 92 (1982) 236.

34 WHO Scientific Group, in: Genetics of Insect Vectors of Disease,
Appendix A, Annex 1, p.729. Eds J.W. Wright and R. Pal. Elsevier,
Amsterdam 1967.

35 Laven, H., Nature 216 (1967) 383.

36 Kitzmiller, J. B., and Laven, H., Cold Spr. Harb. Symp. quant. Biol.
24 (1959) 173.

37 Laven, H., in: Genetics of Insect Vectors of Disease, p.251. Eds JW.
Wright and R. Pal. Elsevier, Amsterdam 1967.

38 Motara, M., Giemsa banding patterns and chromosomal differ-
entiation in Stegomyia mosquitoes, p.96. Thesis, University of Notre
Dame, USA 1978.

0014-4754/86/070803-04$1.50 + 0.20/0
© Birkhéduser Verlag Basel, 1986

Short Communications

Rate-compensated synaptic events in antarctic fish: Consequences of homeoviscous cold-adaptation’

J.A. Macdonald and J. C. Montgomery

Department of Zoology, University of Auckland, Private Bag, Auckland (New Zealand), 23 September 1985

Summary. At ambient sub-zero temperatures, muscles from antarctic fish produce spontaneous postsynaptic currents (MEPCs) of
significantly shorter duration than those of temperate fishes. Fast decay of antarctic MEPCs is a predictable consequence of the
increased membrane fluidity attributable to fatty acid unsaturation in cold-adapted animals.

Key words. Antarctic fish; synaptic currents; decay rates; cold adaptation.

A widespread feature of adaptation to low temperatures in living
organisms is an increase in the proportion of unsaturated fatty
acids, preserving optimum membrane fluidity (the Homeo-
viscous Hypothesis of Temperature Adaptation)*. Increased
membrane fluidity is also thought to underly the action of many
general anesthetics, which substantially shorten the duration of
synaptic events, and reduce the mean lifetime of chemically-
opened synaptic channels (the Lipid Fluidity Hypothesis of
Anaesthesia)®®. These two hypotheses can be combined to pred-
ict that low-temperature synaptic events in cold-adapted poiki-
lotherms should be of relatively short duration compared with
similar events in warm-adapted animals. This prediction may be
tested by comparing miniature end plate currents (MEPCs) of an
antarctic teleost, Pagothenia borchgrevinki (Family Notothenii-

dae), with those already reported for a temperate fish, Trachurus
novaezelandiae (Family Carangidae)®. The results are consistent
with the membrane fluidity hypothesis.

Specimens of P. borchgrevinki were taken from under the sea ice
of McMurdo Sound, Antarctica, close to New Zealand’s Scott
Base (77° 51" S, 166" 48’ E), where the mean annual seawater
temperature is —1.87 + 0.1°C'°; fish used for neuromuscular
recordings were either freshly caught, or were held in cages
under the ice until required. Lipids extracted from brain and
retina of P. borchgrevinkishow the increased fatty acid unsatura-
tion characteristic of cold-adapted poikilotherms'"-'2. T.novae-
zelandiae were collected in Port Jackson (Sydney), Australia (33°
51" 8, 151° 12" E) from ambient summer water temperatures of
23°C, and acclimated to 12-15°C in the laboratory. Like T no-
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vaezelandiae, P.borchgrevinki is a free-swimming predator on
zooplankton in the upper water column'®. Similar experimental
protocol was followed for recording and analysis of MEPCs
from both species; further details of the T novaezelandiae experi-
mental methods can be found in earlier publications™ ™.

Focal extracellular recordings of MEPCs were made from large
‘white’ muscle fibers of isolated inferior oblique extraocular
muscles with firepolished blunt (30 pm) glass electrodes, filled
with physiological saline. Extraocular muscles were chosen
because of their well established homologies throughout the
Vertebrata. Dissection was carried out on ice in chilled saline.
The isolated muscles remained contractile and produced large
MEPC:s for up to 8 h in physiological saline’® made up to match
major ion concentrations in P. borchgrevinki plasma'®,

Bath temperature was regulated between 0°C and 25°C with a
Peltier-effect heat pump. MEPCs were amplified approximately
1000 times and stored as FM tape recordings. Replayed MEPCs
were analyzed both by measurement from selected photographs,
and by semilogarithmic least squares regression of digitized val-
ues from the exponential decay phase. Both methods of analysis
produced comparable results, which served as a check on possi-
ble systematic analytical errors.

With the exception of their rates of decay, MEPCs from antarc-
tic fish muscle closely resemble those from other vertebrates;
they grow rapidly (200-250 us) to a peak amplitude of 300-700
uV, and decay much more slowly, in a non-linear fashion (fig. 1).
Decay is exponential over the experimental temperature range
(fig.2). The P. borchgrevinki MEPCs are pharmacologically cho-
linergic, being enlarged and prolonged by the cholinesterase
inhibitor neostigmine, and abolished by the postsynaptic block-
ing agent tubocurarine.

The major, predictable, difference between P.borchgrevinki
MEPCs and those of other vertebrates, including T novaezelan-
diae, was their high rate of decay at low temperatures. At 0°C,
the time constant of exponential decay (z) of antarctic MEPCs
was between 2 and 3 ms (fig. 3), compared with extrapolated
values of about 6 ms for T. novaezelandiae, 10 ms for 25°C-accli-
mated goldfish (Carassius auratus) ", and 20 ms for the tropical
toad Bufo marinus’.

An Arrhenius plot of log decay rate (-In 7) vs reciprocal of
absolute temperature (1/K) produces a more-or-less straight line
with a remarkably low ‘activation energy’ (E,) of 21 kJ mol™!
deg™ compared with values from other vertebrates (e.g. Tra-
churus: 78 kI; Bufo: 64 XJ)® (weighted least squares regression:
—In v =15.723 - 2573/K) (fig. 3). Above about 5°C, decay of
antarctic MEPCs may be prolonged by denaturation of acetyl-
cholinesterase. Reduced activation energies have been reported
or can be inferred for a number of enzyme-mediated processes in
antarctic fishes'® . Similarly, propagation of action potentials
in peripheral nerves of antarctic fishes shows a reduction in
sensitivity to temperature change?. The opening and closing of
synaptic ion channels depends on both protein and lipid compo-
nents; although the known changes in lipid composition are
sufficient to predict the fast decay of antarctic MEPCs, the
protein constituents of the synaptic channels presumably also
play an important role in these effects.

Regardless of its underlying biophysical cause, the fast decay of
synaptic currents has significant consequences for neural func-
tion in antarctic fishes. For example, it would tend to limit
synaptic gain, particularly in cells which rely on spatial and
temporal summation of junction potentials, and do not readily
develop propagated action potentials. Many teleost muscles are
of this sort®, and action potentials were rarely observed in
P._borchgrevinki muscle fibers at normal temperatures. Neuro-
muscular gain increases markedly at low temperatures?’, and
would be even higher in antarctic fishes were it not for shortened
synaptic currents. Mean lifetime of synaptic channels seems to
be a conservative property, which in a variety of animals is
regulated between values of about 5 ms and 0.5 ms over a wide
range of natural cell temperatures’ to preserve a balance between
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Figure 1. Miniature end plate currents (MEPCs) recorded from Pagothe-
nia borchgrevinki extraocular muscle at three different temperatures.
These are typical vertebrate MEPCs, with fast growth, sharp peaks, and
slower exponential decay back to baseline. Rate of decay is accelerated by
higher experimental temperatuores. Vertical scale: 100 pV; horizontal scale
5 ms.
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Figure 2. Semilogarithmic graph of decay phase of single P. borchgrevinki
extraocular MEPCs at two temperatures. The logarithmically trans-
formed data approximates a straight line, confirming that decay is an
exponential function. Time constant (z) is taken as the time required for
each MEPC to drop to 1/e of the peak amplitude.
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Antarctic vs Temperate Teleosts
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Figure 3. Arrhenius plot of natural logarithms of mean decay time cons-
tants (—In ¢ £ 95% confidence limits) of P. borchgrevinki MEPCs versus
reciprocal of absolute temperature (1/K). The slope of the Arrhenius plot
is a measure of the ‘activation energy’ (E,) of MEPC decay. The weighted
Jeast squares regression line for all values (—In 7 = 15.723 - 2573/K) is
shown as a heavy line, flanked by 99 % confidence limits for the regression

gain and flexibility of control. Changes in lipid fluidity may be
an important part of the mechanism responsible for such regula-
tion.
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