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INTRODUCTION

Hemoglobin is a prime constituent of the erythrocytes of verte-
brate animals, The functional importance of hemoglobin lies in its cap~
acity for reversible combination with oxygen.

Investigations of the physical and chemical properties of hemo-
globins indicate that among any given species there are varied forms of
hemoglobin. The adult hemoglobin is usually of one form while the ime
mature or fetal stage is of another. In addition, mutant variations are
frequently found (Manwell, 1957).

Most studies of the adult-fetal relationships have been conducted
on the mammalian system; very little has been done with the amphibians.
A review of the literature shows that no work has been done on sala-
mander hemoglobin.

The research reported here is a study of the heterogeneous forms
of hemoglobin observed in one species of salamander, Ambystome tigrinum,

and the change in synthesis of hemoglobin types during metamorphosis.

Literature Review
Hemoglobin heterogeneity has been shown in many species, both
vertebrate and invertebrate (Gratzer and Allison, 1960; Bangham and Lehe
mann, 1958; Dunlap, Johnson and Farmer, 1956).
Electrophoretic methods have shown up to four components in
human adult hemoglobin (Hb A), some of which vary in quantity in pathe

ological conditions such as thalassemia (Kunkel, et al., 1957; Schapira,
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et al., 1958; Kunkel and Bearn, 1957). Some pathological conditions are
due to an alteration in the amino acid sequence in one or more of the
globin chains which accounts for the observed variations. Hunt (1959)
distinguished human adult hemoglobin from the fetal hemoglobin on the
basis of one amino acid difference in one of the two polypeptide chains.

The important functional difference between adult and fetal hem-
oglobins in both amphibian and mammalian systems is the higher oxygen
affinity exhibited by the fetal hemoglobin (McCarthy, 1954; Barron and
Bataglia, 1955; Hamada, et al., 1964). In addition to fetal hemoglobin
(Hb F) Halbrecht et al. (1956, 1958, 1959) have demonstrated the presence
of an "early fetal hemoglobin" termed "HbP", during the first few weeks
of the development of human embryos (allison, 1955). A similar situation
also exists in the goat (Helm et al., 1958). Various anurén amphibian
hemoglobins have been shown, by electrophoretic techniques, to be hetero-
geneous (Dessauer, Fox and Ramirez, 1957; Rodnan and Ebaugh, 1957; Syden-
stricker, et al., 1956).

McCutcheon (1938) found that hemoglobins with a greater oxygen
affinity (presumably fetal hemoglobins) are synthesized in the mesone-
phros of the tadpole whereas the adult form of hemoglobin is synthesized
in the spleen and bone marrow in the mature bullfrog. In addition to a
developmental change, McCutcheon also found a seasonal change in the hem-
oglobin of the bullfrog, Rana catesbiana. In the summer months the bull-
frog's bone marrow synthesizes the hemoglobin with a low oxygen affinity;
during hibernation, synthesis shifts to the splenic production of a hemo-

globin which has a higher affinity for oxygen.



MATERIALS AND METHODS

Salamanders (Ambmstoma tigrinum) were collected from two locations
in northern Utah in different stages of development. A group from Sala-
mander Lake, on the north side of Mount Timpanogos, was collected from
the first of May through the last of August and included three stages of
development: adult, gilled (with legs), and tadpoles. Another group was
collected from James Lake, in the Uinta Mountains, during the last week
of July. This group consisted of only adult and gilled with legs; no
tadpoles were obtained because of the lateness of the season. All of the
gilled forms from both locations lost their gills within a week after
they were brought into the laboratory. This has been attributed to the

change of temperature (Kollros, 1959).

Blood Extraction Procedure Blood was collected in the following man-
ner: the animals were injected (ip) with a heparin solution (0.5 ml/100
gms of blood). They were anesthetized with Sandoz MS-222 (1:500) and

the pericardial sac was opened to form a pocket., One drop of the heparin
solution was placed in the cavity and the ventricle was cut. The blood
was withdrawn with a heparinized pipet and deposited in chilled tubes

containing 3 drops of heparin sclution.

Hemoglobin Purification All steps were carried out at a temperature of
0 to 4°C. The whole blood was centrifuged at 3,000 RPM (1500 X g) for

3 minutes and the supernatant plasma was discarded. The cells were then



washed with 0.15 NaCl solution (5 volumes per volume of compact
cells). The cell solution was centrifuged for 3 minutes at 3,000 RPM
(1500 X g) and the supernate was discarded. The cells were washed in
this manner four times.

The washed erythrocytes were lysed with distilled water by
letting them stand in 2 volumes of water per volume of compact cells for
10 minutes. The hemoglobin solution was then centrifuged at 15,000 RPM
(26,000 X g) for 30 minutes. Toluene was added to the hemoglobin sol-
ution (4 ml. toluene per ml. hemoglobin) and shaken for 3 minutes, then
centrifuged for 3 minutes at 1,000 RPM. The clear hemoglobin solution
was removed and checked for purity by adding to an aliquo@ of solution
an equal volume of saturated ammonium sulfate. No precipitate occured,
indicating that all stroma had been removed.

It has been shown that difficulty in analysis is encountered
because of the unstable condition of the heme portion of oxyhemoglobin,
In order to acertain heterogeneity due to the protein porfion it is nec-
assary to convert the oxyhemoglobin to either ferrihemoglobin or the more
stable cyanomethemoglobin (Chernoff and Pettit, 1964; Allen, Schroeder,
Balog, 1958; Itano and Robinson, 1957).

The hemoglobin solution was converted to the ferrihemoglobin
form by dialyzing against a buffered ferricyanide solution (equal volumes
of .01 M phosphate at pH 7.0 and .01 M potassium ferricyanide). In some
cases the ferrihemoglobin was converted to cyanomethemoglobin by dializ-
ing against buffered sodium syanide (equal volumes of .01 M phosphate

and .01 M sodium cyanide). Qur work indicated there was no alteration in
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heterogeneity when ferrihemoglobin was used instead of cyanomethemo-~

globin,



Separation of Hemoglobin Types
(a) Column Chromatography

Separations were conducted on a carboxy-methyl-cellulose
column (CMC). The column was prepared by adding a slurry of CMC in .0l
M phosphate buffer (pH 6) to a 6 X 50 mm. glass column, A larger column
(9 X 55 cm) was prepared to compare the efficiency of the small column
with a larger system (Huisman and Meyering, 1960). The columns were
packed by gravity flow, then equilibrated with a .01 M phosphate buffer
at pH 6.0. Elution with starting buffer proceeded until the pH of the
effluent was equal to that of the influent.

The purified hemoglobin solution was placed on the column and
eluted initially with .01 M phosphate buffer, pH 6.0. Phssphate buffer
at pH 8.0 was gradually added which caused a gradual increase in pH of
influent, The effluent passed through a micro flow cell which was placed
in a Beckman "DB-G" spectrophotometer. The optical density pattern of
effluent at 414 _mu was recorded with a Photovolt Varicord‘b3 recorder,

The pH of the effluent was read and recorded manually as it
passed through a Beckman micro-blood-pH-electrode assembly. Fractions
were collected from each of the observed peaks and scanned spectrophoto=~
metrically from 660 yjmu to 340 mu in order to evaluate whether or not
the peaks and shoulders observed were, in fact, hemoglobin.

(b) Electrophoresis

Electrophoretic separation of hemoglobin components was
accomplished on Sepraphore III (Gelman) acetate strips. The strips were
equilibrated overnight in the starting buffer. Approximately 5-10 lambda

of the hemoglobin solutions were placed on the strips and were subjected
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to a D.C. current. Best separation was achieved in a pH 7.2 phosphate
buffer at 250 volts for 60 minutes. The strips were removed and air
dried, stained in Ponceau R for at least 5 minutes, then washed in 5%
acetic acid for 5-15 minutes; removed and dried. After drying, the
strips were cleared with immersion o0il, placed in a Gelman strip scanner

and the migration patterns were pletted.



RESULTS
Column Chromatography Figures 1 through 14 represent the optical density
pattern at 414 mu of the hemoglobin effluent related to the pH change.
The two major components are labeled L (larval) and A (adult). The first
fraction was eluted from the column between pH 6.0 and 6.1. Since the
protein in this fraction decreased in concentration during organogenesis
it was labeled the larval component. The second major component was
eluted from the column between pH 6.4 and 7.l. It increases during
maturation and is termed the adult component. This component may
consist of several proteins because it appears as a clustér of peaks,
but these sub-fractions could not be characterized with this technique.

The hemoglobin elution pattern obtained from the small column of
CMC (Fig. 1) is essentially the same as that obtained with the large
column (Fig. 2). One of the major differences between thé two patterns
is the shoulder on peak A (Fig. 1) which appears as a distinct peak in
Figure 2. Despite this difference, the ability of the CMC column to
fractionate hemoglobin is not significantly altered when the bed volumn
is reduced to accommodate the small quantity of hemoglobin.

Figures 3 and 4 represent additional adult salamanders. The major
portion of the hemoglobin is represented by a single peak, labeled adult
hemoglobin., The larval portion is about 3% of the total. In all adult
forms examined (Figs. 1 through 4) there is very little variation in the
basic elution pattern. The minor differences appear primarily in the

relative quantities of material in the adult component as compared to
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the larval fraction. There is also a slight variation in the height of
the shoulders of both peaks, particularly in peak A. In spite of these
variations the number of shoulders remain constant.

Figures 5 through 8 represent the elution pattern obtained from
salamanders shortly after metamorphosis. There is a difference in the
relative amounts of adult and larval hemoglobin as compared to the older
stage. Larval hemoglobin constitutes about 13% in the recently-meta-
morphosed young adult. The pattern in all specimens examined is basi-
cally the same. The minor variations present in the adult peak are the
same as were shown in the mature animal. The presence of a double peak
in the larval component (Figs. 7 and 8) is found in post metamorphic,
adult, and gilled but not in the tadpole samples,

Gilled salamanders (Figs. 9 through 12) show a further difference
toward an increase in the relative amount of larval hemoglobin, in some
cases approaching 50%.

The number of samples of tadpole hemoglobin was limited, so only
two samples were examined (Figs. 13 and 14)., The larval peak is pre~
dominant in both. Possibly because of the limited amount of blood avail-
able in the tadpole, the shoulders previously noted are not detected in
peak A.

Fractions from each peak were collected and scanned with the
spectrophotometer from 660 to 340 jm. The pattern (Fig. 15) is typical
for all fractions examined. The absorption maxima observed are character-
istic of cyanomethemoglobin, with lambda max. at 540 jau and 414 mu in the

beta and gamma bands and no absorption in the alpha band.



10

The area under each peak (Figs. 1 through 14) was measured to

find the relative percent of hemoglobin present in both the adult and

larval peaks.

These values were tabulated (Table 1) and plotted (Fig.l9)

for better comparison of hemoglobin heterogeneity with the stage of

developnment,
TAELE 1
PERCENT COMPOSITION OF HEMOGLOBIN
AT VARIOUS STAGES OF DEVELOPMENT
Individual Group Average
Stage Larva Adult Larva Adult
Adult 0.5% 99.5% 3.0% 97.0%
8.5 91.5
2.5 97.5
2.5 975
0.5 99.5
3.5 16.5
Post Gilled 11.0% 89.0% 13.5% 86,5%
11,6 884
5'0 95 ao
17.0 83,0
19.9 80.1
15.0 85,0
Gilled 37.5% 6245% 38. 3% 61.7¢
48,7 51.3
3647 633
30.0 70.0
40.5 5945
3600 6400
Tadpole 98.1% 1.9% 98.3% 1.7%
98.5 1.5
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Electrophoresis Electrophoretic separation of salamander hemoglobin
(Figs. 16, 17 and 18) at pH 7.2, indicates there are at least three com-
ponents of salamander hemoglobin. Figure 16 is the pattern obtained
from an adult animal. The major hemoglobin portion is concentrated into
two bands, one remaining at the origin and the other migrating a very
short distance from the origin. The third component moves much faster
and comprises the minor percentage of hemoglobin at this stage. It seems
likely that the fast moving minor component represents larval hemoglobin
(Compare Figs. 1 through 4 with Fig. 16).

The hemoglobin obtained shrtly after metamorphosis (Fig. 17)
also has three distinct bands. There is a higher concentration in the
faster moving fraction and a slightly reduced quantity in ihe slower
moving and stationary bands (Compare Figs. 5 through 8 with Fig, 17)

The gilled salamander (Fig. 18) shows a very significant increase
in the amount of material in the fast moving component and a very distinct
decrease in the pigment remaining at the origin (Compare Figs. 9 through
12 with Fig. 18). |

No electrophoretic pattern was obtained for tadpole hemoglobin
due to the limited quantity of material available.

The electropherograms reveal that salamander hemoglobin is het-
erogeneous, consisting of two or more components which vary in relative

amounts during maturation.
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DISCUSSION

The volume of blood that can be obtained from a small larval
salamander is quite limited, so it was necessary to use a chromatographic
column with a reduced bed volume for this study. The concentration of
the hemoglobin solution varied from 0.5 gms$ to 2.0 gms%, which is very
dilute. A literature review indicated that carboxy-methyl-cellulose (CMC)
would probably give the best separation pattern., Because of the weak
reaction between the protein and the resin there would be a minimal
amount of alteration of the hemoglobin molecule (Prins, 1959).

The elution pattern indicates that the small column wWas as effect-
ive in hemoglobin separation as the large column (Fig. 1 and 2). There-
fore, a small column could be used with confidence.

Salamander hemoglobin occurs in a heterogeneous form as indicated
by the various peaks on the chromatograms., Spectrophotométric analysis
of each peak exhibited the same absorption pattern and there was no
shift of the lambda max. from fraction to fraction. This would indicate
that the heterogeneity observed was not due to incomplete oxidation of
the oxyhemoglobin to the methemoglobin-cyanide, but rather to differences
in the globin moieties,

Several adult salamander's hemoglobin samples were then chroma-
tographed and the elution patterns were very similar in all cases (Figs.
3 and 4), with minor variations in the hemoglobin concentration in the

minor peaks. These minor peaks and shoulders show a fairly consistent
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pattern within the various samples, but these patterns could not be
correlated with organogenesis.

The pattern of peaks and shoulders was also similar in the groups
obtained from the two geographically isolated regions. Therefore, it
does not provide evidence of evolutionary divergence.

Electropherograms (Figs. 16,17 and 18) show a shift in hemoglobin
type with development. In the adult form the greatest concentration of
material designated Adult (A), is at the origin and in the slow moving
band., Just the opposite is noted in the gilled (Fig. 18) where the greater
concentration of hemoglobin is in the faster moving component labeled
Larval (L). The post gilled stage (Fig. 17), which is intermediate be-
tween the adult and gilled forms, shows hemoglobin distribution intermed-
iate between the adult and youngest stage, It seems likely, because of
the shift in pattern with development, that the rapidly moving component.
represents the same hemoglobin component as that designated as larval in
the chromatographic pattern.

It is essential to note, in the electropherograms, the presence of
at least three distinct components in all three developmental stages.
These may reflect some of the heterogeneity noted in the minor peaks of
the chromatograms,

The most notable feature that emerges from a study of the elution
pattems and electropherograms of the various stages is the shift from
one form of hemoglobin (Hb Larval) in the larval stages to another form
(Hb Adult) in the adult stage. Hemoglobin in the tadpole is 98.3% of

the larval type and 1.7% of the adult variety. The gilled salamander,
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a slightly older stage, has approximately 38,.3% larval hemoglobin and
61.7% adult. Shortly after the salamander loses its gills the ratio is
shifted even further to an average of 13.5% larval; 66.5% adulit. Mature
adults, at least a year after metamorphosis, show approximately 3%
larval hemoglobin and 974 adult type. It seems apparent that these
changes in hemoglobin production reflect changes in genetic control of
protein synthesis,

In order to acertain the possible difference between the adult
and larval form it is necessary to consider the type of reactions which
occur in the experimental methods employed. Carboxy-methyl-cellulose,
at an acid pH, will bind positively charged particles, represented in
this experiment by hemoglobin. By gradually increasing thé pH the more
weakly bound particles, which would be the most negatively charged part-
icles would be removed first, The more positively charged particles
would bé eluted later as the pH is increased.

When employing electrophoresis a slightly basic pH of 7.2 is used
and the results are similar to those previously obtained at pH 8.6 for
frogs (Herner and Frieden, 1961). At this pH (7.2) the negative charges
are contributed by the second carboxyl group of aspartic and glutamic
acids (Scheinberg, 1958)., Since the charge is the same on all hemes the
separation must be due to the difference in amino acid content of the
globins, The adult form, having less aspartic and glutamic acids, would
be more positively charged, therefore causing a greater rate of migration
toward the cathode. The aspartic and gluiamic acid concentration would
be greater in the fetal form which accounts for the slow mobility at

this pH.
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It has been noted that in most mammalian fetus' the principal
hemoglobin (Hb F) has an affinity for oxygen that is better adapted to
intra-uterine life than is the hemoglobin of the adult (Hb A). It is
proposed that the similar shift in hemoglobin types in the salamander
reflects adaptations to an aquatic, gill-breathing existance at first,
changing gradually to a terrestrial, lung-breathing environment, No

tests have been made to substantiate this hypothesis.
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SUMMARY AND CONCLUSIONS

The results of this investigation indicate that a change in the
production of hemoglobin from a larval to an adult type occurs in the
metamorphosing salamander. The tadpole erythrocytes contain less than
2 percent of the adult hemoglobin. With an increase in age there is
a gradual increase in the adult type and a decrease in the larval hemo-
globin form. The time of greatest change is between the tadpole and
the gilled stage, when the production of the adult hemoglobin increases
from less than 2 percent to an average of 61 percent. This is cor-
related with a change from gill to lung breathing. By the time the gills
are lost the hemoglobin is 86 percent of the adult type, and one year
later, in the completely mature animal the proportion of adult type is

over 95 percent of the total.
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ABSTRACT

Analysis of hemoglobins were conducted on animals of the specles
Ambystoma tigrinum. Separation of hemoglobin types was performed
with a Carboxy-methyl-cellulose column (6 X 50 mm.) and pH gradient
(pH 6 thru 8) of .01 M phosphate buffer. The hemoglobins in the
effluent were detected and analysed with a micro-flow cell in a Beck-
man DB-G spectrophotometer attached to a Photovolt Varicord 43 recorder.
Two major components of hemoglobin were observed: larval and
adult, These two components varied in concentration with £he stage
of development of the individual. In addition, it was noted that minor
peaks and shoulders appeared on each peak which were consistant and

characteristic for each major hemoglobin type.
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