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The reactivity of the iron in the four hemes
of the mammalian hemoglobin molecule depends
largely on the interactions between the prosthetic
groups and the amino acid chains of the globin
(1, 2). Normal configuration of heme groups in
the abnormal human hemoglobins, therefore, does
not preclude anomalies of their oxygen affinity
which might arise from aberrations in the globin.
In most of the more than 20 recognized abnormal
human hemoglobins the amino acid abnormality
does not affect the oxygen affinity. Amino acid
changes which are remote from groups crucial in
the globin-heme interaction do not affect oxygena-
tion. Abnormal oxygen affinities have been re-
ported in hemoglobin H and M. Hemoglobin H
contains only the beta and not the alpha chains of
normal hemoglobin and exhibits an oxygen affinity
ten times greater than normal but has no Bohr
effect (3). Hemoglobin M causes cyanosis ap-
parently due to its inability to combine with oxy-
gen. The pigment may be present in the blood
as methemoglobin M or as its nonoxidized pre-
cursor (4).

We have recently encountered a hemoglobin
which caused cyanosis due to an abnormally low
oxygen affinity. The entire oxyhemoglobin dis-
sociation curve was markedly shifted, but at
sufficiently high oxygen tensions the pigment be-
came fully saturated. The oxygen equilibria, spec-
troscopic and preliminary electrophoretic findings
are presented. Since a lowered oxygen affinity of
hemoglobin is usually not considered in the dif-
ferential diagnosis of cyanosis, some reference is
made to the methods which lead to its detection.

PROPOSITUS

The patient, a 14 year old white male of normal growth
and superior intelligence, has been cyanotic since birth.

* Supported by a grant from the Kansas Heart Associ-
ation. Presented in part at the National Meeting of the
American Federation for Clinical Research, April 30,
1961, in Atlantic City, N. J.

No clubbing, squatting or shortness of breath has ever
occurred, but he has had some episodes of weakness after
severe exertion. Pulmonary function tests, including dif-
fusion studies, were within normal limits. Hemoglobin
was 13.9 g per cent; erythrocytes 4.6 million; reticulo-
cytes 1.4 per cent; red cell morphology normal. Exami-
nation of the blood for methemoglobin or sulfhemoglo-
bin was negative. Cardiac catherization, including dye
injection studies, revealed on three different occasions
low arterial and venous oxygen content but no evidence
of cardiovascular abnormalities.

The patient is an only child. His grandparents are de-
ceased; his father's hemoglobin is normal. His mother's
hemoglobin showed almost quantitatively the same ab-
normalities as that of the patient. One brother and sister
of the mother as well as one male and one female de-
scendent of the brother have normal hemoglobin A.

METHODS

Arterial and venous blood samples were taken during
inhalation of various 02-N2 mixtures. All gas samples
were analyzed in an E2 Beckman oxygen analyzer. The
oxygen tension of blood was determined with a Clark-
Severinghaus oxygen electrode (5) (Yellow Springs In-
strument Corp.) and the oxygen and carbon dioxide of
the blood by the manometric technique of Van Slyke and
Neill. Blood pH was measured at 370 C in an anaerobic
electrode with a Beckman model MpH meter. The de-
termination of the oxygen capacity of the blood under
these circumstances required special attention to the fol-
lowing possibilities: 1) the usual equilibration of blood
in vitro may not fully saturate the heme pigments in the
sample and 2) the spectrophotometric measurements of
the hemoglobin concentration may not be valid when
dealing with an abnormal pigment with unknown light
absorption constants. The total hemoglobin concentra-
tion was therefore ascertained by three methods: 1)
spectrophotometric hemoglobin iron determination after
wet ashing (6) and calculation of the pigment concen-
tration on the basis of hemoglobin iron concentration of
0.335 per cent; 2) gasometric measurement of the oxy-
gen capacity after equilibration of the blood in vitro with
oxygen at 200 C (1.34 cc oxygen equivalent to 1 g hemo-
globin); and 3) spectrophotometric measurement of the
pigment after its conversion into cyanmethemoglobin, ap-
plying a millimolar extinction coefficient of 11.5 at 542
mA (7). Absorption spectra of the undiluted blood after
anaerobic lysis with saponin were obtained using a cuvet
of 0.0087 cm thickness (Waters-Conley Corp.) in a Beck-
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man DU spectrophotometer. Ultraviolet spectra were
obtained with a Cary recording spectrophotometer. All
optical densities were expressed per 1 cm light path and
as the concentration of 1 mmole per L of the subunit
(mol wt 16,700) of hemoglobin. One mmole per L of
the subunit corresponds to 1.67 g per cent hemoglobin
(mol wt 67,000).

Hemoglobin solutions were prepared at 40 C. After
repeated washings with saline, the cells were lysed with
approximately twice their volume of distilled water plus
5 per cent toluene. After centrifugation at 25,000 G for
30 minutes, the decanted clear hemoglobin solution was
mixed with buffer of desired pH and ionic strength.
Oxygen equilibria studies were carried out on freshly
prepared hemoglobin solutions of approximately 6 g per
cent concentration in 0.15 M phosphate buffer. Samples
were equilibrated in a tonometer with O2-N2 mixtures
at 370 and 28° C water-bath temperatures for 20 min-
utes. The hemoglobin solution was then transferred
anaerobically into the 0.0087 cm cuvet, and oxyhemo-
globin (HbO2) and reduced hemoglobin (Hb) fractions
were determined spectrophotometrically according to the
method of Drabkin (8). The absence of methemoglobin
was verified in each sample by preparation of a companion
sample with addition of freshly neutralized KCN and
comparison of the two absorption spectra.

Spectrophotometric studies on methemoglobin (MetHb)
were made on dilute solutions in phosphate or borate
buffer after oxidation of the pigment at pH 6.5 by potas-
sium ferricyanide which was added to the hemoglobin
solution in molar ratio of 6 to 1. The percentage of al-
kaline and acid methemoglobin at a given pH was as-
certained according to the method of Austin and Drab-
kin (7). All pH values were corrected to 0.1 ionic
strength. The methemoglobin dissociation was calcu-
lated according to the equation pH = pK + log (alkaline
MetHb/acid MetHb).

Electrophoretic studies were done on granular or gel
starch blocks, cooled with circulating ice water (9). A
current of approximately 40 ma at 250 v was applied.
Electrophoresis of oxyhemoglobin, carboxyhemoglobin,
methemoglobin and cyanmethemoglobin was studied at
pH 8.6 (veronal buffer, 0.05 ionic strength) and at 7.4,
7.05 and 6.5 (phosphate buffer, 0.05 ionic strength).

RESULTS

In vivo oxygen saturation of the blood. While
the patient was breathing room air his arterial
oxygen tension was normal and ranged between
96 and 104 mmHg. The oxygen content of the
arterial blood, after subtraction of the oxygen in
physical solution, increased by about 35 per cent
between room air and 100 per cent oxygen breath-
ing, clearly indicating incomplete saturation of the
hemoglobin at a usual arterial oxygen tension of
100 mmHg. After equilibration of the blood
in vitro at 20° C with oxygen, its gasometrically

TABLE I

Total hemoglobin* measured as hemoglobin iron, cyanmer
moglobin and oxygen capacity

Hemoglobin- Cyanmethemo-
iron globin

Gasometrict (mg %Fe/3.35 (mmoles/L
(vol %02/1.34) X10-3) =11.5 at 542 ma)

Patient 13.91 4 0.14 14.02 4 0.09 13.98 4 0.09
Normal 14.24 ± 0.16 14.30 i 0.12 14.32 i 0.08

* Figures given are given in g %as mean i standard
deviation of three determinations.

t After equilibration of the blood with 100% 02 at 200 C.

measured oxygen capacity agreed satisfactorily
with its capacity calculated on the basis of the
heme iron determination (Table I) indicating that
all hemes present had combined with oxygen.
An in vivo oxygen saturation curve (Figure 1)
was constructed accordingly and demonstrated an
enormous shift to the right. There was satura-
tion of 60 per cent in the arterial blood at a nor-
mal Po2 of 100 mmHg, and a saturation of 94 per
cent during oxygen inhalation. An in vitro dis-
sociation curve of the blood showed essentially the
same results.

While the patient was breathing room air the
pH of the arterial blood was 7.38 and its CO2
content 22.2 mmoles per L. The CO, content of
the arterial plasma was 27.3 mmoles per L, indi-
cating a normal distribution of the CO2 between
plasma and corpuscles.

Oxygen equilibria of hemoglobin preparations in
buffer solutions. Hemoglobin, freed of stromata
and lipids, in 0.15 M phosphate buffer solution
was equilibrated against known O0,-N. mixtures

0 50 100 200 300 400 500 600
p02 mmHg

FIG. 1. IN VIVO OXYGEN SATURATION OF ARTERIAL
BLOOD DURING INHALATION OF °2-N2 MIXTURES; BLOOD

PH 7.34 TO 7.39. Open circles are measurements in ve-
nous blood.
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and the resultant dissociation curves are presented
in Figure 2. As observed by others (10, 11),
the oxygen affinity of freed hemoglobin was con-
siderably greater than that of intact red cells, a
phenomenon probably due to differences in pH,
CO. and ionic concentrations in the environment
of the hemoglobin molecules. As a dilute hemo-
globin solution, normal hemoglobin A required 14
mmHg PO. to produce 50 per cent saturation
versus 40 mmHg for the patient's hemoglobin.
As intact blood, 50 per cent saturation points were
at PO2 of 25 mmHg for the normal control com-
pared with 70 mmHg for the patient. In other
words the patient's hemoglobin in buffer solutions
as well as in intact cells required oxygen tensions
roughly 2.8 times greater than normal for half-
saturation. Four-hour dialysis of the hemoglobin
solutions prior to the equilibration did not ma-
terially alter the oxygen equilibria. Hemoglobin
solutions prepared from blood of the patient's
mother showed a dissociation curve almost identi-
cal with that of the patient.

The grossly abnormal shape of the patient's dis-
sociation curve in Figure 2 should be noted. The
asymmetry of the curve was not caused by the
presence of methemoglobin or by partial denatura-
tion of the hemoglobin. Both conditions, which
are common causes of asymmetrical curves, were
eliminated by spectroscopic examinations.

The steepness of the normal curve in the plot of
oxygen saturation versus log Po2 (Figure 2) is
related to heme-heme interactions. A numerical
expression of the intensity of these interactions

can be obtained from Hill's equation: log (y/1OO
- y) = log K + n log Po2 where y is the per cent
oxyhemoglobin, n is an expression of the heme
interactions (n = 1 = no interactions), and K is
a measure of the affinity for oxygen. The n value
was calculated for the slope in the range of 50 per
cent saturation and was 2.6 for normal hemo-
globin and 1.1 for the patient's hemoglobin.

The effect of pH on the oxygen equilibria of
the patient's hemoglobin was not different from
that on the normal control (Figure 3). These
measurements were made at 280 C and a compari-
son with measurements at 370 C indicates a some-
what smaller temperature effect on the affinity of
the abnormal hemoglobin than on the normal.

Spectroscopy of the native pigments. Spectro-
photometric examinations were made with the
following objectives: 1) to ascertain the nature
of the pigment which remained unoxygenated in
the patient's blood in vivo and 2) to obtain ultra-
violet absorption spectra with particular attention
to signs of possible denaturation of the pigment.

After complete saturation with oxygen in vitro,
the blood was quickly hemolyzed and examined
in the 0.0087 cm cuvet. Its absorption spectrum
was identical with that of normal oxyhemoglobin
(Figure 4). After evacuation at zero oxygen
tension, a normal reduced hemoglobin absorption
spectrum was found. Arterial and venous blood
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FIG. 3. EFFECT OF PH AND TEMPERATUREON HALF-

SATURATION (HBO, = HB) OF HEMOGLOBIN (APPROXI-
MATELY 6 G PER CENT) IN 0.15 M PHOSPHATEBUFFER.

Solid circles at 28° C, open circles at 370 C.
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FIG. 4. ABSORPTION SPECTRA OF THE PATIENT'S HE-

MOLYZED BLOOD (UNDILUTED IN 0.0087 CM CUVET).
A-A after equilibration with 100%o 02 at 200 C; *--

after equilibration at zero Po2; + + native venous blood;
o 0 native arterial blood.

samples of the patient were examined under anaer-

obic conditions on six different occasions and
failed to reveal the presence of any pigment other
than oxyhemoglobin and hemoglobin. Two ex-

amples are indicated in Figure 4. The light ab-
sorption of arterial blood closely fitted a theoreti-
cal curve representing 59 per cent oxyhemoglobin
and 41 per cent hemoglobin. Venous blood fol-
lowed a predicted curve of 18 per cent oxyhemo-
globin and 82 per cent hemoglobin. Although
these absorption spectra were obtained within 10
minutes after shedding of the blood, the remote
possibility remained that a circulating methemo-
globin might have been reduced during this time,
perhaps due to a delayed reductase activity. Blood
was therefore collected with and without KCN
present in the sampling syringe. No spectral dif-
ferences referable to the formation of cyanmethe-
moglobin were noted.

The absorption spectra in the ultraviolet spec-

tral region, presented in Figure 5, were obtained
from the hemoglobin preparations used in the
study of the oxygen equilibria. They failed to
show any indication of denaturation. The peak
of the Soret band of oxyhemoglobin was at 415
mu and that of the hemoglobin at 425 m~k. The
tryptophan and phenylalanine bands were at the
same wave lengths and of similar amplitude as

the bands observed in the normal controls.
Absorption spectra of the ferri-hemoglobins.

The methemoglobin produced by in vitro oxida-
tion of the hemolysates from the patient and his

mother exhibited identical abnormalities (Figure
6). The greater optical density of the patient's
methemoglobin (pH 6.5) in the green spectral
region is not caused by incomplete oxidation of
some hemes, because it extends into the 530 to

-2.0 iilL - Tj--

IM T

.1.5

0.5

FIG. 5. ULTRAVIOLET ABSORPTION SPECTRA OF HEMO-
GLOBIN SOLUTIONS. The curve marked by solid circles
is that of the patient. Lower: Soret band of HbO,,; up-
per: tryptophan (T) and phenylalanine (P) bands of Hb.
(Wave lengths in millimicrons.)
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FIG. 6. ABSORPTION SPECTRA OF METHEMOGLOBIN.

pH as indicated; phosphate or borate buffer of 0.1 ionic
strength.

510 mu region where both oxyhemoglobin and
hemoglobin have lower light absorptions than has
methemoglobin. Furthermore, mathematical anal-
ysis of the curves at several pH's indicates that if
the curves represent mixtures, the light absorp-
tion of both components must be highly pH-de-
pendent, which is not the case in ferro-hemoglo-
bins. The Soret peak of the patient's methemo-
globin was at 408 m, as compared with 406 mXt
in methemoglobin A. The described spectral ab-
normalities were readily reproducible. They did
not change on addition of excess ferricyanide or

after standing several days. They are considered
to be a manifestation of abnormal molecular struc-
ture of the abnormal pigment. To allow absolute
comparisons, all absorption spectra are presented
as millimolar densities which refer to the total
pigment concentration and not necessarily to the
concentration of the abnormal pigment.

The dissociation of methemoglobin (Fe+++OH2)
into the alkaline form (Fe+++OH) is demonstrated
in Figure 7. The difference in the pK between
normal and the patient's pigment is of doubtful
significance. The oxidized pigment of the pa-
tient reacted quantitatively with potassium cya-
nide, and the resultant cyanmethemoglobin ex-

hibited essentially normal absorption spectra.
Electrophloretic findings. Starch block electro-

phoresis of the oxyhemoglobin, carboxyhemoglo-
bin and cyanmethemoglobin preparations did not
reveal significant differences in the migration of
the patient's pigment in comparison with hemo-
globin A, except for a very light A2 component
in the patient. On starch block electrophoresis of
the methemoglobin form at pH 8.6, patterns were
obtained which were identical in the patient and
his mother and which could easily be distinguished
from methemoglobin A (Figure 8). The bulk of
the patient's pigment migrated more slowly than
methemoglobin A, but it is difficult to decide
whether the spot of the latter was entirely vacated.
Eluates from this portion gave absorption spectra
identical with the main band, and both were indis-
tinguishable from the absorption spectrum of the
pigment before electrophoresis. At pH 7.05 and at
6.5 the patient's methemoglobin migrated more
slowly toward the cathode than did methemoglobin
A. The dissociation of the Fe+..OH2 was not
significantly different in the patient's methemo-
globin (Figure 7) and the anomalous change in
the net charges at alkaline pH therefore reflects
differences in the pK of other groups.

DISCUSSION

The lack of hypoxic manifestations in the in-
tensely cyanotic patient is explained by the shift
of the entire oxyhemoglobin dissociation curve
(Figure 1). Assuming a normal tissue P02 of
35 mmHg and disregarding the Bohr effect, nor-
mal blood can dissociate from 95 per cent arterial
saturation to 60 per cent oxyhemoglobin in the

1.0 so

O 0.8
0

I 0.6 -I

0.4 o Patient
.' / .* Normal

= 0.2

7.0 8.0 9.0
pH

FIG. 7. DISSOCIATION OF METHEMOGLOBIN. The solid
line describes the theoretical dissociation with a pK of
8.06. Circles are the observed values corrected to ionic
strength of 0.10.
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tissue capillaries. The patient's arterial blood was
only 60 per cent saturated, but it dissociated to 25
per cent oxyhemoglobin at the same tissue tension.
It thus delivers, like normal blood, 35 per cent
of its oxygen capacity at peripheral oxygen ten-
sions of 35 mmHg.

The observed low oxygen affinity of the hemo-
globin in buffered solutions leaves little doubt that
the abnormal dissociation curve of the blood was
caused by the properties of the hemoglobin and
not by an abnormal environment within the red
cell. Abnormal dissociation curves of the blood
from subjects suffering from hemoglobin S disease
have been reported (12, 13). The inherent oxy-
gen affinity of hemoglobin S after dialysis was
found to be normal, and the abnormal oxygen
affinity of the blood has been attributed to dialyz-
able constituents within the red cell. The buf-
fered and dialyzed hemoglobin solutions from our
patients showed lowered oxygen affinities propor-
tional to those found in their whole blood.

Numerous spectroscopic examinations of the
native blood as well as of the hemoglobin solutions
failed to detect any pigment with spectral charac-
teristics other than those of oxyhemoglobin and
hemoglobin. The patient's arterial blood con-
tained 60 per cent oxyhemoglobin. If a significant
portion of the remaining 40 per cent were differ-
ent from reduced hemoglobin, it should have been
detectable in spite of the limited accuracy of spec-
trophotometric analvsis of systems with more
than two components.

A shift in the peak of the Soret band to shorter
wave length is, according to Jope (14), one of the
most sensitive criteria of denaturation of a hemo-
globin. The Soret peak of the oxyhemoglobin
from the patient was precisely at 415 my and that
of his hemoglobin at 425 myL. Denaturation can
not be incriminated, therefore, as the cause of the
abnormal oxygen affinity. Although it can be in-
fluenced by major changes in the protein carrier,
the absorption spectrum in the spectral region be-
tw-een 700 and 350 mp, is primarily a reflection of
the configuration of the hemes. The quantitatively
normal absorption spectra of both the oxyhemo-
globin and the hemoglobin form of the abnormal
pigment in this spectral region lends no support
to any abnormality in the heme groups. These
findings in conjunction with the anomalous elec-
trophoretic mobility implicate the amino acid

0

C)

z

+

PATIENT

MOTHER

FATHER

Hb A

FIG. 8. STARCH BLOCK ELECTROPHORESIS OF METHE-

MOGLOBIN. Veronal buffer; 0.05 ionic strength, pH 8.6,
250 v, 40 ma, 16 hours.

chains as the probable site of the abnormality.
The relatively slight alteration in electrophoretic
mobility in no way conflicts with the large abnor-
mality of the oxygen affinity. The former de-
pends upon net electrical charges in the protein
molecule and does not necessarily reflect struc-
tural abnormalities which alter oxygen affinity.

The shape of the oxyhemoglobin dissociation
curve deserves some comment. In the semi-
logarithmic presentation (Figure 2) factors like
pH and temperature, which affect oxygen affinity.
merely displace the curve along the abscissa but
they do not alter its shape. The steepness of the
normal curve is attributed to the heme-heme in-
teractions in the sense that the oxygenation of one
or more of the hemes facilitates the oxygenation

1831



K. R. REISSMANN, W. E. RUTHAND TAKEONOMURA

vaca1)

0

FIG. 9. COMPARISONOF THE SPECTRAL ABNORMALITIES

OF THE PATIENT S OXIDIZED HEMOGLOBINWITH METHE-

MIOGLOBIN M (21) AT PH 6.5.

of the remaining hemes in the same molecule (1,
2). It is convenient to assign a numerical value
to the intensity of this interaction by calculating
the n value in the logarithmic form of Hill's equa-

tion, although it is realized that the equation no

longer has precise physical meaning as originally
thought. An n value of 1 is found in pigments
without interactions, for instance in myoglobin
which contains only 1 heme per molecule. The
abnormal hemoglobin exhibited an n value of 1.1
versus 2.6 in the normal control. One is tempted
to interpret this finding as the absence of heme-
heme interactions in the abnormal hemoglobin;
however, uncertainties arise from the lack of
unequivocal electrophoretic isolation of the abnor-
mal hemoglobin. The hemolysate very likely
contained unknown amounts of a normally reac-

ti-e hemoglobin. It is theoretically possible that
the flat oxyhemoglobin dissociation curve in Fig-
ure 2 is the resultant of the curve of the normal
fraction plus an equally steep curve of the abnor-
mal fraction which lies considerably to the right
of the normal curve.

Riggs (15) has reported a large though not
complete blocking of the heme interactions re-

sulting from blocking of the sulfhydryl groups

of normal hemoglobin by means of p-chloromer-
curibenzoate. The n value dropped from 2.9 to
1.4, and the effect could be reversed largely by
glutathione. Addition of glutathione has not
changed the oxygen equilibria of the patient's he-
moglobin, but this negative result permits no con-

clusion regarding an intrinsic abnormality of the
sulfhydryl groups.

The described hemoglobin shows some simi-
larities to hemoglobin M, viz., it causes cv-
anosis, its oxidized form exhibits spectral ab-
normalities, and electrophoretic abnormalities
can best be demonstrated in its met form. In
some cases of hemoglobin M, including the origi-
nal case of H6rlein and Weber (16), up to 30 per
cent methemoglobin of abnormal spectral charac-
teristics was present in the native blood and ac-
counted for the cyanosis (17, 18). In the case
reported by Kiese, Kurz and Schneider (19), en-
zymatic reduction of this methemoglobin fraction
yielded a hemoglobin with normal oxygen affinity.
If these findings apply generally to hemoglobin
M, the primary defect in its oxygen transport
function would be its tendency to become oxidized
due to structural abnormalities in the molecule,
a mechanism quite different from the truly dimin-
ished oxygen affinity in our abnormal hemoglobin.
In other cases classified as hemoglobin M (20,
21), including a large number reported in Japan
(22), no oxidized pigment could be detected in
the blood. Only in vitro oxidation produced a
fraction of the methemoglobin with abnormal spec-
tral characteristics similar to those found in the
first-mentioned group. No oxygen equilibria have
been reported in these cases, but it is assumed
that the pigment present in these cyanotic patients
was unable to combine reversibly with oxygen. A
comparison of the spectral abnormalities of the
met form of hemoglobin Mand of the pigment re-
ported here is given in Figure 9. Since the ab-
solute absorption of both abnormal pigments is
unknown, the absorption spectra are presented as
the logarithm of optical densities in order to make
the shape of the curve independent of concentra-
tion. The rather different spectral abnormalities
very likely reflect different molecular structure,
which is also manifested by their differences in
reactivity toward oxygen.

In spite of these significant differences, the vari-
ous types of hemoglobin M and the pigment re-
ported here may belong to the same functional
group of abnormal hemoglobins, namely those
with aberrations in amino acid groups which are
crucial in the interaction between globin and the
oxygen-combining centers. Several hypothetical
explanations of the normal interactions have been
advanced, especially in connection with the Bohr
effect and the heme-heme interactions (2). The
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chemical nature of the groups involved, even that
of the heme-linked acid groups, is still an open

question (1). It would be premature therefore
to speculate on the globin anomalies of the de-
scribed hemoglobin. It is to be expected that fu-
ture elucidation of amino acid anomalies in this
now emerging group of hemoglobins with altered
oxygen affinity- may shed some light on the na-

ture of the normal heme-globin interactions.

SUMMARY

A familial human hemoglobin variant is de-
scribed which caused markedly diminished oxygen

saturation of the blood in the presence of normal
arterial oxygen tensions. The shift of the entire
oxyhemoglobin dissociation curve was due to an

abnormally low oxygen affinity of the hemoglobin.
The oxygen equilibria of the pigment in buffer
solutions revealed a Bohr effect of normal mag-

nitude but probably no heme-heme interactions.
The absorption spectra of its oxy and reduced
form in the visible and ultraviolet spectral region
were those of normal hemoglobin. The alkaline
and acid methemoglobin showed spectral abnor-
malities. On starch block electrophoresis, the
methemoglobin form of the pigment migrated
more slowly than methemoglobin A. The low-
ered oxygen affinity is attributed to molecular
aberrations in the globin which interfere with
normal heme-globin interactions.
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