
were low, probably due to ice melt during the summer
1985-1986.

During the survey a rapid transect and slow transect were
accomplished along two lines separated by approximately 30
kilometers. In addition, four stations were occupied a third time
along the southern transect. These data will allow an examina-
tion of time-dependent changes in the water structure and
geostrophic flow across these transects. Preliminary inspection
of the CTD data reveals that the mixed layer depths increased
from about 25 meters on the southern rapid transect to about 40
meters on the northern rapid transect. It is not clear whether

this difference is related to temporal or spatial changes in wind-
mixing and cooling or to horizontal gradients in the mass dis-
tribution. These two transects were occupied 2 weeks apart in
time. Isopycnal surfaces were relatively flat along all transects,
indicating little geostrophic flow.

Calibration corrections and numerical smoothing to reduce
spiking have yet to be performed on the CTD data. Further work
will include the preparation of final cross sections of salinity,
density, and geostrophic velocity.

This research was funded by the U.S. Department of
Commerce.

Functional properties of hemoglobin
from antarctic fishes

C. DI PRisco

International Institute of Genetics and Biophysics
80125 Naples, Italy

The project on hemoglobins, isolated from several antarctic
fish species, was developed between February and April 1985 at
Palmer Station.

The hemolysates from 10 species, belonging to four families,
were electrophoretically characterized during the 1983-1984
austral summer; two additional species were observed during
1985. One, belonging to the family of Nototheniidae (Notothenia
larseni), had an electrophoretic pattern qualitatively similar to
that of the other nototheniids, with a major component and a
second, more anodal one (5-10 percent of the total); the other, of
the family of Rajidae (Raja georgiana), had a single, highly anodal
hemoglobin.

A major effort was devoted to the investigation of the func-
tional properties of hemoglobin. Regulatory effects on oxygen
binding in erythrocytes, whole hemolysates, and purified he-
moglobins were studied in three nototheniid species (N. cor-
iiceps neglecta, N. rossii, and N. gibberifrons) and in a fourth one
(Parachaenichthys charcoti) of the family of Bathydraconidae.
Blood was drawn from the caudal vein of unaesthetized fishes
by means of heparinized syringes; EDTA was used to avoid
coagulation. Following lysis and high-speed centrifugation of
the washed erythrocytes, hemoglobins were purified by ion-
exchange chromatography (D'Avino and di Prisco 1985).

It is well known that the oxygen affinity of hemoglobin of
many teleost fish species becomes so low at slightly acidic pH
(5.5-6.0), that the protein is only partially oxygenated, even at
oxygen pressures of several atmospheres. This special type of
Bohr effect is referred to as "Root effect" (Root 1931). An inves-
tigation in the pH range of 5.5-8.5 showed that hemoglobin in
intact erythrocytes, in "stripped" hemolysates, and in the pure
state was characterized by a marked Root effect in all four fish
species, as indicated by a 65-75 percent decrease in oxygena-
tion, observed at lower pH values even in the presence of the
ligand at atmospheric pressure. Figure 1 shows a representative

set of results. The modulating effect of the allosteric effector
inositol hexakis (phosphate) (IHP), which induces the decrease
in oxygenation at higher pH values, is also evident. Other
organic phosphates, like ATP, produced the same effect. The
level of endogenous ATP was measured in the blood (table). Its
presence accounted for the shift toward a higher pH of the

6.0	7.0	8.0	9.0

pH

Figure 1. Oxygenation of N. corliceps neglecta hemoglobin as a
function of pH. Buffers were 100 millimolar Tris-CI, pH 8.5-7.5, and
bis-Tris-CI, pH 7.0-6.0. Each plotted value was obtained spec-
trophotometrically at 20°C by calculating the average of the absor-
bance difference at three wavelengths (540, 560, and 575
nanometers) between the spectrum observed at a given pH and the
spectrum obtained after addition of a few crystals of sodium di-
thionite, which caused complete deoxygenation of the hemoglobin.
(A) Erythrocytes (A); "stripped" hemolysate (A) and hemoglobin 1
(B), in the absence (.) and presence (a) of 3 millimolar IHP.
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Measurement of ATP concentration in the blood of four antarctic
fish species, using the method of Bucher (1947)

Species	 Milligrams per 100 milliliter

N. corliceps neglecta	 41.9 ± 5.2
N. rossii	 34.5 ± 4.8
N. gibberifrons	 32.8 ± 6.1
P charcoti	 34.0 ± 2.4

inflection in the erythrocyte oxygenation curve. ATP and other
organic phosphates were completely removed from the hemo-
lysates by "stripping," namely by running hemolysates through
a small column of a mixed bed ion-exchange resin [Dowex AG
501 X8(D)J. These components were absent from the pure
hemoglobins.

The effect of pH on the oxygen equilibrium curves ("Bohr
effect"), was determined in the erythrocytes, the "stripped"
hemolysates, and the seven pure hemoglobins of the four spe-
cies under investigation. Qualitatively similar large Bohr effects
were observed in all cases. The spectrophotometric technique,
illustrated by Giardina and Amiconi (1981), was used in all
experiments. Figure 2 shows the results obtained with the
erythrocytes and one of the purified hemoglobins of N. coriiceps
neglecta: P 112 values (i.e., the oxygen partial pressure, required to
achieve hemoglobin half-saturation) varied from 6.8 millimeters
of mercury at pH 8.5 to 281.8 millimeters of mercury at pH 6.5.

These values were obtained from Hill plots of lg	VS.

lgpO2, where ? is the degree of saturation at a given oxygen
pressure (P02). The Hill coefficients obtained from these plots
clearly indicated cooperativity (which disappeared at pH lower
than 7.0) among the oxygen binding sites. Quantitative experi-
ments on the effect of ATP concentration were carried out at pH
7.0. Maximal enhancement of the Bohr effect was observed at
0.1-1.0 millimoles of ATP; the concentration of the nucleotide in
the fish blood (table) is in this range.

The effect of temperature on the oxygen equilibria was inves-
tigated at pH 7.0 in erythrocytes, "stripped" hemolysate and
purified hemoglobins 1 and 2 of N. coriiceps neglecta. In all cases,
an increase in temperature caused a decrease in oxygen affinity.
For example, P 12 was 14.5 millimeters of mercury at 2.5°C and
70.8 millimeters of mercury at 30°C in hemoglobin 2. The en-

thalpy values, calculated from plots of 1np 112 vs.	were
5.0, 5.0, 6.6, 9.9 and 9.3 kilocalories per mole for erythrocytes,
"stripped" hemolysate, hemoglobin 1 and 2, respectively.

pH

Figure 2. Oxygen Bohr effect in N. corliceps neglecta hemoglobin.
Buffers, as in figure 1. Spectra were taken at 20°C, using a modified
Thunberg tube with the lower part sealed to a Pyrex cuvette, which
allowed complete deoxygenation by vacuum and subsequent oxy-
genation by additions of known volumes of air (Giardina and Ami-
coni 1981). A: erythrocytes; B: hemoglobin 1, in the absence (.) and
presence of 0.1 mole sodium chloride (a) and 0.1 mole sodium
chloride, 3 millimolar IHP (A).

The amino acid sequence of the separated globin chains and
the three-dimensional molecular conformation by X-ray diffrac-
tion analysis of the large crystals obtained at Palmer Station of
five pure hemoglobins are under investigation in our laborato-
ries in Naples and will integrate this study on the structure-
function relationship in antarctic fish hemoglobins.

This research was supported by National Science Foundation
grant DPP 82-18356.
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