
sulfhydryl groups, can be oxidized even 
without urea during disc electrophoresis 
in persulfate-polymerized gels. 

I recommend the use of riboflavin 
and light for polymerizing lower gels, 
rather than persulfate. The use of sub- 
stances such as thioglycolate is of 
course restricted to proteins unaffected 
by these compounds. 

JOHN M. BREWER 
Department of Biochemistry, 
University of Georgia, Athens 30601 
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Temperature Tolerance of 

Some Antarctic Fishes 

Abstract. Three species of Antarctic 
fishes which live in constantly near- 
freezing waters have a markedly low 
upper-lethal temperature of 60C ; this 
is the lowest upper-lethal temperature 
reported for any organism. The fishes 
survive supercooling to -2.5?C. Data on 
brain metabolism in vitro support the 
hypothesis that the central nervous 
system is a primary site of thermal in- 
jury. 

The temperature-tolerance. limits of 
fishes and the physiological and bio- 
chemical factors setting these limits have 
been the subject of much study. Brett 
(1) reviewed the temperature-tolerance 
limits of a large number of fish spe- 
cies; Fry discussed the factors generally 
involved in creating these limits (2). 
Fry indicated that there is a lack of 
information about the temperature- 
tolerance limits of polar marine fishes 
which may spend their entire lives in 
near-freezing waters. There is still con- 
siderable uncertainty about the thermal- 
ly sensitive site (or sites) which im- 
poses thermal-tolerance limits on a spe- 
cies. This is particularly true in the 
case of the upper-lethal temperature 
which is often far lower than the tem- 
peratures at which enzyme denatura- 
tion is expected to occur. 

We studied the temperature tolerance 
of several Antarctic fishes during an 
investigation of the cold-adaptation 
mechanisms of these organisms. The 

14 APRIL 1967 

Table 1. Median resistance times for three Antarctic fishes adapted to -1.90C. Time is 
given in minutes (1 week = 10,080 minutes). Numbers in parentheses represent numbers 
of specimens. 

Median time of death 
Species 

150C 100C 80C 70C 50C 

T. bernacchii 6 (6) 140 (12) 430 (8) 12,960 (6) 
T. hansoni 8 (18) 60 (10) 15,840 (6) 
T. borchgrevinki 7 (12) 81' (14) 1,905 (16) 

fishes used were three notothenfid spe- 
cies from McMurdo Sound (77051'S, 
16603 8'E): Trematomus bernacchii, 
Trematomus borchgrevinki, and Tre- 
matomus hansoni. The family Noto- 
theniidae occurs almost entirely in the 
Antarctic; the genus Trematomus is 
not known to occur in waters with 
temperatures higher than 10 to 20C 
(3). The populations we sampled prob- 
ably resided all year long in McMurdo 
Sound. Only T. borchgrevinki could 
not be captured throughout the year; 
its apparent disappearance during the 
three midwinter months may have been 
a consequence of our sampling proce- 
dures. 

The temperature of the environment 
of these fishes is extremely cold and 
remarkably stable. The average tem- 
perature was -1 .90C; temperature 
variation, either with depth or through 
the year, was of the order of 0.1 IC 
(4). 

All specimens were captured through 
holes in the sea ice, with either wire 
traps or conventional hook-and-line 
fishing techniques (5). The fish were 
transported from the collecting sites 
to the biology laboratory at McMurdo 
Station in insulated containers; mor- 
tality during transit was negligible. 
Specimens were held, until use, in 
190- or 760-liter aquariums which were 
continually aerated and filtered; the 
sea water was changed every 3 to 4 
days. All species survived well under 
these holding conditions, and several 
specimens were held for periods in ex- 
cess of 9 months with no apparent ill 
effects. 

All experimental fish were held for 
1 week or less at a temperature of 
-1.9 ?-+ 0.10C. There were not 
enough specimens and holding facilities 
available to permit the acclimation of 
groups of fish to different temperatures. 
We were therefore unable to establish 
a complete zone of tolerance (6) for 
the species. Specimen weights ranged 
from 34 to 177 g for each species. In 
view of the fact that most individuals 
arrived in the laboratory with full guts, 

no attempt was made to feed the speci- 
mens during this brief holding period. 
The photoperiod was regulated to 
match that of the environment, and, 
because most of the experiments were 
conducted during the austral winter, 
most of- the specimens were held under 
conditions approximating total darkness. 

In each experiment on lethal tem- 
perature, a group of four to ten fish 
of one species was placed in a 190-liter 
aquarium containing fresh, well-aerated 
sea water previously heated to the de- 
sired experimental temperature. Tem- 
perature variation was no greater than 
0.1 PC. The time of death was taken 
as the time at which opercular move- 
ment ceased and could not be reacti- 
vated by mechanically stimulating the. 
specimen. Fish which had attained 
this state could not be revived if placed 
into cooler water. The highest tempera- 
ture at which 50 percent of the fish 
survived for 1 week or longer is 
considered to be the upper incipient 
lethal temperature (1). 

Determination of a lower incipient 
lethal temperature was not possible, due 
to our inability to supercool sea wa- 
ter to temperatures lower than -2.50C. 
The longest period that we succeeded 
in keeping sea water this cold in an 
ice-free state was 3 days. Fish held 
in this supercooled water during this 
period showed no signs of distress; 
however, the appearance of ice crystals 
in the water led to rapid mortality, a 
phenomenon also observed with Arctic 
fishes by Scholander et al (7). 

The lethal-temperature data (Table 1) 
indicate that all three species have a 
markedly low upper-lethal temperature. 
The upper incipient lethal tempera- 
ture based on all data in Table 1 is 
approximately 60C. We believe that this 
is the lowest upper-lethal temperature 
reported for any organism. The nar- 
row thermal-tolerance range of these 
Antarctic fishes is consistent with the 
tendency (1) for the thermal-tolerance 
range to decrease as the adaptation 
temperature decreases. 

The data on brain metabolism in 
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Fig. 1. Oxygen consumption in vitro of 
brain slices of Trematomus bernacchii. 

vitro (Fig. 1) show an interesting re- 
lation to the lethal-temperature data. 
The oxygen consumption values were 
determined manometrically (8) with a 
medium described by Ekberg (9). After 
a fish had been killed by severing its 
spinal column immediately posterior to 
the brain, the roof of the skull was cut 
away, and the entire brain was re- 
moved and placed in chilled Ringer 
solution. After the meninges had been 
removed, the brain (excluding the hy- 
pophysis) was sliced into thin sections 
with a scissors. The tissues were im- 
mediately added to the manometer flasks 
that contained chilled medium. After a 
15-minute period of temperature equili- 
bration, readings were taken at a single 
temperature at 10-minute intervals for 
3 hours. The metabolic rate. Q02, based 
on the 1st hour of oxygen uptake, is ex- 
pressed as microliters of 02 per milli- 
gram of tissue (dry weight) per hour. 

While it may be somewhat inaccurate 
to use data on brain metabolism in 
vitro as an index of the brain's ability 
to function adequately in vivo, the 
data (Fig. 1) nevertheless suggest that 
some type of breakdown occurred in 
the brain tissue at temperatures near 
the upper incipient lethal temperature. 
Extensive tissue disintegration in the 
Warburg flasks was also observed at 
temperatures of 50C and higher. Stud- 
ies of the metabolism in vitro of brain 
tissue of other fish species have yielded 
similar results (10). Wohlschlag (5) ob- 
served a decrease in the whole organism 
metabolism of T. bernacchii at tem- 
peratures of 10 to 3YC. 

The metabolism in vitro of gill tissue 
of T. bernacchii did not exhibit this 
sharp sensitivity to temperature (11). 
This suggests that the thermal sensitivity 
of the central nervous system may be 
of primary importance in determining 
the thermal tolerance of the whole or- 
ganism. 

The site of thermal injury within the 
brain tissue cannot be conclusively de- 
termined from our data. However, 
the different sensitivities of brain and 
gill tissues to thermal injury and the 
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low temperature at which impairment 
of brain metabolism occurred suggest 
that thermal death was not due to ex- 
tensive enzyme denaturation. If di- 
rect thermal inactivation of one or 
more of the important cellular enzymes 
had been the result of exposure to the 
upper incipient lethal temperature, an 
unlikely possibility at 5 0C, then a 
similar pattern of inactivation would 
probably have occurred in both tissues. 
The rate of reaction of an isolated 
enzyme system from T. bernacchii 
actually increased linearly with tem- 
perature up to approximately 30'C 
(11). However, one cannot exclude the 
possibility that the brain possessed par- 
ticularly thermolabile enzymes. 

Nonenzymatic loci of thermal injury 
have been proposed. Heilbrunn (12) 
hypothesized that thermally caused 
changes in the biophysical state of the 
cellular lipids can lead to death. Study 
of the lipid composition of goldfish 
brain as a function of the acclimation 
temperature (13) supports Heilbrunn's 
hypothesis; it appears that the chemi- 
cal properties of the brain lipids are 
adjusted during temperature acclima- 
tion to permit the maintenance of a 
constant "liquid crystalline" state of 
the cellular membranes (13). The tem- 
peratures at which this requisite bio- 
physical state is disrupted may be 
considerably less extreme than the tem- 
peratures at which enzyme denaturation 
occurs. Thus, thermal death of the 
Trematomus fishes at 60C may have 
resulted from subtle biophysical 

changes in the cellular lipids, perhaps 
the membrane lipids, rather than from 
direct thermal destruction of enzyme 
function. 

GEORGE N. SOMERO 
ARTHUR L. DEVRIES 

Department of Biological Sciences, 
Stanford University, 
Stanford, California 94305 
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Maternal and Environmental Influences on the 

Adrenocortical Response to Stress in Weanling Rats 

Abstract. Handling rat pups either for 10 or 20 days after birth resulted in a 
reduction of adrenocortical steroids in the plasma at weaning after the pups were 
exposed to novel stimuli as compared with controls that were not handled. Non- 
handled offspring of mothers which had been handled in infancy also show a re- 
duction in plasma steroids in response to novel stimuli when compared to non- 
handled weanling rats of nonhandled mothers. Handling of the offspring when 
they are infants appears to counteract the influence of the experience of the mother 
during her infancy. 

Stimulation of an infant rat marked- 
ly affects the adrenocortical response 
to novel stimuli. Rats handled in their 
infancy from days 1 to 21 exhibit 
a significantly reduced steroid response 
after they are exposed to novel condi- 
tions in adulthood (1). Denenberg 
and Whimbey (2) report that, in rats, 
the offspring of mothers that had 
been handled in infancy were heavier 

at weaning as compared to offspring 
of mothers that had not been handled. 
Further, the experience of the mother 
during her infancy resulted in differen- 
tial open-field behavior of the pups 
when they reached adulthood. The two 
experiments reported here were de- 
signed to investigate the question 
whether handling during infancy would 
affect the steroid response of pre- 
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