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Abstract Dissociation of abnormal hemoglobin is compared with normal hemoglobin (Hb
A) by gel permeation employing Sephadex G-75 column. Equimolar solutions (5 M) of Hb
A and an abnormal hemoglobin in 0.01 M phosphate buffer, pH 7.00 containing 0.09 M
NaCl and a trace amount of KCN, are introduced into the column (1.0X60 cm, upward
flow) by a peristaltic pump (flow rate 0.25 ml/min) one after another. The absorbance at
280 nm or Soret band of the effluent is continuously monitored. The difference in the degree
of dissociation is detected by the change in the absorbance at the interface where the two
hemoglobins meet. The method developed here has been applied to fifteen different abnor-
mal hemoglobins; twelve of them (80%) have shown either accelerated or reduced dissocia-
tion. The method is highly sensitive and specific for the detection of abnormal hemoglobins.
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Hemoglobin is a tetrameric molecule con-
sisting of two pairs of a and non-a subunits
.Hemoglobin in adult blood consists mostly
of Hb A (a:B:), a few percentages of Hb
A; (a:8,) and a trace amount of Hb F
(a272)P. The four subunits in a hemoglobin
molecule mutually interact by noncovalent
bonds, i.e. hydrogen bonds, hydrophobic
forces, van der Waals potentials and salt
bridges. In a Hb A molecule, a given «
chain (a1) have. three interfaces with other
subunits. The a: subunit shares extensive,
tight contacts with one of the g chains (81)
,while it has more flexible interactions with

and of little importance. Therefore, a hemo-
globin tetramer is appropriately treated as a
dimer of a18; units, i.e. (@8).2. In a highly
diluted solution, the
commences to dissociate into a pair of af
subunits®. The aif. (or a.f:) contact is
believed to play a major role in the dissoci-
ation, and in fact the dissociation is a well
known property of the abnormal hemoglobi-
ns with amino acid substitution at the af8:
(or @) interface”. The methods detecting
the subunit dissociation are usually carried
out by determination of the mean molecular
weight by ultracentrifugation®” or by gel

tetrameric - molecule
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permeation chromatography®®. These tech-
niques are elaborate and annoyous as well
as of low sensitivity. In 1971 Rosa et al'®
detected the increased subunit dissociation
of Hb Toulouse relative to Hb A. However,
their method is not established, and has
been ignored. Here, we have improved their
method and have applied it to a number of
other abnormal hemoglobins.

Materials and Methods

Heparinized blood was obtained by venipuncture,
hemolysed and stored in the CO form at 4°C until
the analysis. The CO hemoglobin was converted to
O: hemoglobin by flash photolysis before use. Gel
permeation study was performed in the oxy or
cyanmet hemoglobin (HiCN) form. Solutions of Hb
A and abnormal hemoglobin at exactly the same
concentration. (about 5 #M) were prepared in 0. 01
M phosphate buffer, pH 7.00 (containing 0.90 M
NaCl and a trace amount of KCN). The hemoglo-
bin solution of 5 ¢M is attained by adjusting the
absorbance of the hemoglobin solution to 0.655 at
415 nm and 0.613 at 421 nm in oxy and HiCN

forms, respectively. These values were calculated
by the millimolar extinction coefficient of the oxy-
hemoglobin (131) and HiCN (122.5) at their Sor-
et bands, i.e. 415 nm in oxy form and 421 nm in
HiCN. The hemoglobin solutions were led to a
Sephadex G-75 column (1.0X60 c¢cm) from the
bottom through a peristaltic pump (flow rate: 0. 25
ml/min). The effluent from the top of the column
was introduced to the flow cell photometer. The
absorption at 280 nm or of the Soret band was
continuously recorded (Fig. 1). The column and
hemoglobin solutions in the reservoirs were kept
at 8°C throughout the experiment. The column
was first equilibrated with the Hb A solution, then
the abnormal hemoglobin was started to flow suc-
cessively to Hb A by switching the 4-way valve to
the abnormal hemoglobin solution. The method is
called “dissociation test” in this paper.

Principle

The .absorbances of Hb A and abnormal hemo-
globin are equal as long as their concentrations
and derivative forms are the same. In the dissocia-
tion test. described above, the absorbance of the
effluent will give a flat “base line” (Fig. 2a). In a
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Fig. 1 Equipment and methods for subunit dissociation of hemoglobin At least 20 and 40 ml of 5 M
abnormal and a control (Hb A) hemoglobin solution, respectively, are required. Through a 4-way valve,
they are successively introduced into a Sephadex G-75 column by a peristaltic pump.
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highly diluted solution, e.g. 5¢M, even Hb A is
slightly dissociated into dimers®. If the abnormal
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Fig. 2 Principles of the subunit dissociation test
a) Schematic representation of an idealized elu-
tion pattern at the interface. A portion of Hb A
dissociates into dimer which elutes later than
tetramer. Whereas, if a larger portion of the
abnormal hemoglobin dissociates into dimer, the
sum of the .concentration of the dimeric form of
Hb A and the tetrameric form of abnormal hemo-
globin at their interface becomes less than the
original concentration of them (base line).

b) Actual elution pattern at the interface

The tetrameric and dimeric forms exist only in
a reversible equilibrium. This generates a gradual
gradient [of hemoglobin concentration at 'the in-
terface of the two hemoglobins, which is recorded
as a smooth V-shaped depression from the base
line.

hemoglobin dissociates more readily than Hb A,
the abnormal hemoglobin elutes slightly slower than
the normal hemoglobin (Hb A) in the gel permea-
tion. This causes a downward deflection of the
absorbance from the base line absorption at the
interface between the foregoing Hb A and the
following abnormal hemoglobin. Owing to equili-
bration between the dissociated (dimer) and un-
dissociated (tetramer) forms, as well as diffus-
ing effect of gel permeation, a smooth downward
deflection is actually observed (Fig. 2b). Thus,
deflection of the base line reflects the degree of
dissociation of the abnormal hemoglobin relative to
Hb A (relative dissociation). If the abnormal he-
moglobin dissociates less readily than Hb A, an
upward deflection will be obtained.

Results

A dissociation profile of Hb Hirose is
shown in Fig. 3. Hb Hirose is famous for
its complete dissociation into @B dimers. As
predicted, there is a sharp downward deflec-
tion of absorbance from the base line at the
interface which is formed by the tail of Hb
A and the head of Hb Hirose. When the
switch is further turned back to Hb A
solution, an upward deflection follows. This
is because the slowly eluting dimer of Hb
Hirose is now overun by the undissociated
normal hemoglobin. It should be noted that
both the downward and upward deflections
are almost the same in shape. Suppose that
the column is eluted with Hb X, and Hb
X, in succession in the. dissociation test,
the extent of dissociation of Hb X; relative
to Hb X: is tentatively called “dissociation
index (X1/X;). It is expressed as [A-A’J/A
X100, where A and A’ are the absorbances
at the base line and at the deflection peak,
respectively. A positive value reflects a do-
wnward deflection, and indicates that Hb
X, dissociates more readily than Hb X, A
negative value reflects an upward deflection,
and indicates that Hb X; dissociates less
readily than Hb X,. In Fig. 3, the down-
ward and upward deflections reflect the
dissociation index (Hb Hirose/Hb A) and
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Fig. 3 Dissociation profile of Hb Hirose
Ao: Hb A, Hirose: Hb Hirose

In the downward deflection, the slowly-eluted dimer of Hb Hirose makes absorbance blank between
the foregoing Hb A. In the upward deflection, the dimer now sums up to the following Hb A. The
direction of the deflection depends upon the order of the hemoglobin solutions pumpted into the column.

the dissociation index (Hb A/Hb Hirose),
respectively. Since the both deflections are
symmetrical, the absolute values for the two
dissociation indices are equal, but have
opposite signs.

The dissociation index is markedly affect-
ed by flow rate. The smaller the flow rate,
the greater the dissociation index (Fig. 4).
For effectiveness of dissociation, the flow
rate of 0.25 ml/min is selected in our expe-
riment.

The dissociation is pH dependent (Fig. 5).
At pH above 7, the higher is the pH of
the elution buffer, the more effective is the

dissociation. However, hemoglobin molecule
(Hb A) is labile at highly alkaline pHs.
Unstable hemoglobins, which are often our
subjects of study, might be more labile than
Hb A at alkaline pHs. Since the denatura-
tion of the hemoglobin during the experi-
ment must be avoided, the pH 7.0 is chosen
in our dissociation test. Sephdex G-75 is
more effective for the detection of subunit
dissociation than Sephdex G-100 (Fig. 5).
The latter has been used by Rosa in his
original method'®.

Hemoglobin usually presents in oxy form.
However, the formation of methemoglobin,
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Fig. 4 Effect of flow rate on dissociation

The dissociation is most effectively observed at the smallest flow rate tested, i.e. 0. 25 ml/min.
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Fig. 5 pH dependency of dissociation

The dissociation index increases linearly from
pH 7.0 to pH 8.0. Buffer: 0.01 M phosphate
buffer, pH 7.0, 7.5 and 8.0 containing 0.09 M
NaCl. flow rate : 0.25 ml/min

@® : Sephadex G-75, O : Sephadex G-100

 which is further converted to HICN by KCN

in the eluent in the dissociation test, is
inevitable during storage of oxyhemoglobin
or during a procedure of flash photolysis.
Also, a small amount of CO hemoglobin often
remains after flash photolysis. The sample
(oxy form) is thus often contaminated by
other derivatives. The dissociation in the
three derivatives (oxy, CO and HiCN) are
compared in Figure 6. The HiCN tends to
dissociate more readily than the oxy or CO
form. Methemoglobin formation, thetefore,
should be avoided as far as possible when
the test is carried out in the oxy form. Such
a problem does not occur, if the dissociation
test is performed in the form of HiCN. HiCN
is the most stable among the three derivati-
ves of hemoglobin, and this form is especia-
lly preferred when testing unstable hemoglo-
bins.

Hbs F and A, occupy less than a few
percent of hemoglobin from normal adult.
However, hemolysate from carriers of abnor-
mal hemoglobin or from thalassemia traits
often contdin an increased amount of Hbs F
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Fig. 6 Difference of dissociation between derivatives
oxy: oxyhemoglobin HiCN: cyanmethemoglobin CO: carbon monoxyhemoglobin

The profile indicates that the HIiCN dissociates more readily than oxy form, and that the CO form
dissociates less readily than HiCN. Since the both deflections are in the opposite direction and
symmetrical, the degree of dissociation of oxy form is almost the same as CO form.

and/or A,. Both Hbs F and A, dissociate
slightly less than Hb A (Fig. 7). Since Hb
A, usually comprises less than 10% of total
hemoglobin in the abnormal hemolysates
mentioned above, it is unlikely that Hb A,
has a significant interference on the disso-
ciation test of hemolysates. While, concentra-
tion of Hb F must be measured because it
could be excessively increased in pathologi-
cal conditions'V. .

Precision of the dissociation test is given
in Tablel. :

The dissociation indices of abnormal he-
moglobins recently analysed in our laboratory
are listed in. Table 2. Twelve of fifteen
abnormal hemoglobins (80%) revealed an
accelerated or reduced dissociation. The
remaining three hemoglobins showed the
same dissociation as Hb A, i.e. dissociation
index of zero. All hemolysates in which an
abnormal hemoglobin was not detectable by

other methods also gave normal results in
the dissociation test. Table 3 presents the
result on four abnormal hemoglobins which
were unseparable by electrophoretic method.
Dissociation is increased in three, and the
remaining one is detectable only by the
enhanced O affinity. The dissociation test
is thus highly sensitive and specific for the
detection of abnormal hemoglobins even
if they are electrophoretically undetectable.
These facts suggest that the dissociation
test is useful for confirming the presence of
abnormal hemoglobin in a suspected hemoly-
sate.

Discussion

The dissociation test as described in this
paper measures subunit dissociation of the
sample (a purified abnormal hemoglobin or
a hemolysate) relative to that of Hb A or a
normal hemolysate. The purified Hb Hirose
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Fig. 7 Difference of dissociation between Hbs A, F and A :
Hemolysate from a cord blood with 62.5 % Hb F (measured by alkali denaturation') was used as Hb

F in this test. Hbs A and A: are isolated from a normal hemolysate by DE-52 column chromatography

13)

The test was carried out in HiCN form and by measuring absorbance at 421 nm. The deflection at
Hb A/Hb F interface would be more pronounced than that in this figure, if a pure Hb F was used.
The result indicates that both Hbs F and A» dissociate less readily than Hb A.

Table 1 Precision of the dissociation indices

dissociation index

(abn./Hb A) | (Hb A/abn.)
64.2
Hirose 60.0 —59.6
57.0 —61.4
) 29.7 ~29.8
KO]H (3 heme) 25' 4 _23. 2

abn.: abnormal hemoglobin,

Hb Hirose was tested in oxy form. Hb Kéln was
isolated in 3 heme form, and subsequently tested
in HiCN form because of its instability. Dissocia-
tion indices are essentilally the same, whether the
abnormal sample is introduced to the column after

(abn./Hb A) or before Hb- A (Hb A/abn.).

completely dissociates into dimers and stays
as such, revealing a maximum deflection
under the given test conditions. Most other
abnormal hemoglobins are only partially
dissociated, however, giving rise a deflection
proportional to the extent of relative disso-
ciation and to the purity of the paticular
hemoglobin in the sample solution. Our
results on various abnormal hemoglobins
have proved the dissociation test highly
sensitive; this test detects a very slightly
increased tendency of subunit dissociation
which would be missed by other methods
such as ultracentrifugation and conventional
gel filtration. Since both the abnormal and
normal hemoglobins are in a tetramer/dimer
equilibrium, a hybrid tetramer between the
two hemoglobins may occur at the interface
of the two hemoglobin solutions. The elution
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Table 2 Dissociation indices of abnormal hemo-

globins
dissociation index

name (abn/control) .
Hb Iwata 6.5
Hb M Iwate —11.7
Hb Kokura 0
Hb Utsunomiya 4. 9(whole)
Hb Zirich 13.1
Hb M Saskatoon 6.2
Hb Yokohama 3. 0(whole)
Hb Burke — 7.4
Hb Hirose 55.4
Hb Kéln 15.6
Hb San Diego 2. 9(whole)
Hb Miyashiro 0 (whole)
Hb Saitama 4. 6(whole)
Hb Toyoake 17.5
Hb Hikari 0

The signs+ and —indicate the increased and
decreased dissociations, respectively. The word
“whole” in parenthesis denotes the sample being
hemolysate, i.e. a mixture with normal hemoglo-

bins.

Table 3 Electrophoretically silent abnormal he-
moglobins and their dissociation indices (abn/

control)
dissociation | isopro- 027——
index panol | affinity
Hb Yokohama 3. 0 (whole) + ?
Hb Saitama 4. 6 (whole) + ?
Hb Miyashiro 0 (whole) | weak 0
Hb San Diego 2. 9 (whole) - 7

The results of isopropanol test and oxygen af-
finity are also presented.

pattern itself tells nothing about such a
phenomenon. It is simply a reflection of the
difference of the average molecular size of
the hemoglobins between the two solutions.

Meticulous care must be taken for the
maximum efficiency of the test. The absor-
bances of both the sample and control must
be exactly adjusted equal to avoid mislead-

ing distortion of the base line at the inter-
face. It is desirable to remove any dust and
hemoglobin precipitate by filtering or cent-
rifuging both the buffer and the sample
prior to making final dilution of hemoglobin
solution tested. Unstable hemoglobins should
be examined in cyanmet form because de-
naturation must be avoided during experi-
ment. Hemolysate containing a significant
amount of Hb F is inappropriate as a sam-
ple, since Hb F dissociates less readily than
Hb A. No air bubbles must be introduced
into the colunm because the column is of
upward flow.

It is suprizing that the dissociation is
altered in as much as 80% of abnormal
hemoglobins recently analysed in our labo-
ratory. Moreover, the alteration is detected
in abnormal hemoglobins not separable
by electrophoresis which is a widely used
method for screening of abnormal hemoglo-
bin. It is estimated that more than 50% of
abnormal hemoglobins are overlooked by the
electrophoretical method and isopropanol test
which contributes to the discovery of unsta-
ble hemoglobins by checking the instability
of hemoglobin molecule!®. Thus, majority of
stable and electrophoretically silent abnormal
hemoglobins remain undetected. The disso-
ciation test is a unique method probably
based upon steric distortion of a8, (or a:
B1) subunit contact induced by aminoacid
substitution at various positions in the poly-
peptide chain. The dissociation test might
become one of useful tools for survey of
abnormal hemoglobins, if its time-consuming
nature is improved.

This work is in part supported by Scientific
Reserch Grand in Aid from the Ministry of Edu-
cation.
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