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The molecular weight of hemoglobin from
Myuxine glutinosa L. was determined by
Svedberg and coworkers '=® to be 23 100
and the s, , ranged from 2.0 to 2.33.
These values correspond to & much smaller
molecular weight than that of human
hemoglobin. They also differ from the
values found for the hemoglobins of other
cyclostomes, e.g. Lampetra fluviatilis,'»%*°
Petromyzon marinus,’’ and Polistotrema
stouti.® Since the above determinations on
Myxine hemoglobin were performed on
whole hemolysates or erythrocytes, a
redetermination of the sedimentation
coefficient and of the molecular weight
of the separated hemoglobins seemed
desirable.

Experimental. Pooled hemolysates of the
Atlantic hagfish were prepared and the hemo-
globins were separated by isoelectric fractiona-
tion as has been recently described.® The
hemoglobin solutions containing ampholytes
and sucrose were brought to pH 8.0 with
phosphate buffer in order to prevent the
autoxidation of hemoglobins 1 and 2 and were
dialyzed twice against large volumes of CO-
saturated phosphate buffer (0.1 M; pH 8.0)
at 4°C for about 24 h.'® A third dialysis was
done against a CO-saturated solution of M/15
potassium phosphate, pH 7.6, for 16 h at 4°C.
The hemoglobin solutions were kept in the
dialysis bags, immersed in the last buffer
solution, until further treatment. Prior to
ultracentrifugal analysis the COHb-solutions
were concentrated under CO with dried rods
of 20 9, w/v polyacrylamide according to the
procedure of Curtain.!
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Sedimentation and diffusion experiments
were carried out in a Spinco E analytical
ultracentrifuge equipped with a temperature
control and with a phaseplate instead of a
diaphragm in the schlieren optics. A synthetic
boundary cell (12 mm) with rubber valve and
the conventional 12 mm cell were used.
Photographic records were made on Kodak
spectroscopic plates, type 103a-E, using a
red filter in the light path.

The diffusion coefficient of Hb 2 was deter-
mined using Hb concentrations of 324 umole
heme/l and 150 gmole/l. In both cases a 12 mm
synthetic boundary cell was used in the
AN-D rotor, and the rotor speed was 11 150
rpm. The temperature during the experiment
was 24.004-0.05 and 25.434-0.04°C, respec-
tively. Exposures of 30 sec each were made at
intervals of 8 or 16 min. The negatives were
enlarged 10 times and projected on mm grid
paper, on which the curves were redrawn.
From these curves the values for the calcula-
tion of the diffusion coefficient, D, were taken
according to the ‘“‘maximum ordinate’’ meth-
od.12 A plot of d,® wersus ¢ gave a straight
line cutting the abscissa at a negative ¢ value.

The sedimentation constants of Hb 1 (two
subgroups of Hb 1, with pI's of 4.7 and 5.0,
respectively, were investigated), Hb 2 and Hb
3 were determined in a 12 mm single cell at
four different Hb concentrations. The rotor
speed was 59 780 rpm in all runs. Five or six
exposures of 30 sec each were made in each
run at intervals of 8 or 16 min. The experiments
were run at room temperature.

At the end of each run, after replacing the
CO of the sample with oxygen, the hemoglobin
concentration of the solution was measured
as the pyridine-hemochromogen according to
the method of Paul et al.® The spectra of the
pyridine-hemochromogen were recorded with
a Cary Model 14R spectrophotometer. Values
of the millimolar absorptivity as compiled
by Falk !¢ were used for the calculation of the
heme content.

Results. The diffusion coefficient of
Hb 2 was found to be 9.21+0.4 F-units
(1077 em? sec™) at 20°C.

The values of s,,, found for Hb 2 at
concentrations between 150 gmole heme/l
and 324 pmole heme/l were 1.98 and 2.16,
respectively. No concentration dependenee
of 8,9 could be observed in these experi-
ments. The sedimentation constant of
Hb 3 was found to be 1.95 at a concentra-
tion of 196 gmole heme/l. One subgroup
of Hb 1 (with a pI of 4.7) had a sedimenta-
tion coefficient (2.72—2.73) higher than
that of the other fractions. The other
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subgroup of Hb 1 (with a pI of 5.0) had
8y, w-values of 1.64 and 1.72.

The molecular weight was calculated
from the measured sedimentation constant
and diffusion coefficient. Tentatively using
the diffusion coefficient obtained for Hb 2
in the calculation of the molecular weights
of all three hemoglobins, the molecular
weight determined for Hb 1 will be
28 00045 000, for Hb 2 2100042 000
and for Hb 3 20 500 +2 000.

Discussion. The values of the sedimenta-
tion coefficients presented in this study
are in agreement with those reported by
Svedberg and Hedenius® for Myxine
hemoglobin, 2.33 and 2.20. The differences
between our findings and the older values
are probably due to difficulties in tempera-
ture control in the oil-turbine ultracentri-
fuge, leading to 10 9, higher values.!®!®
The temperature error has no influence
on the molecular weight determined by
equilibrium runs.'® It is suggested that the
molecular weight of 23 100 found by
Svedberg and Eriksson-Quensel ! for hemo-
globin in unpurified hemolysates represents
an average value for all hemoglobins
present, and it agrees with the values
presented for the three isolated hemo-
globins within the limits of error of the
methods.

The conclusion is drawn that a difference
seems to exist between the molecular
weights and the sedimentation coefficients
of the hemoglobins of Myxine glutinosa L.
and those of other cyclostomes, and that
the molecular weights of the Myxine
glutinosa hemoglobins are higher than
those of the single chains of other
vertebral hemoglobins. The finding that
a difference seems to exist between the
molecular weight of Hb 1 and that of the
other hemoglobins of the hagfish is tenta-
tive and awaits confirmation by extended
experimentation.
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