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A B S T R A C T The electrophoretic mobility and activ-
ity of NADH-methemoglobin reductase in erythrocytes
of patients with hereditary methemoglobinemia, obliga-
tory heterozygotes, and normal subjects were examined.
Six distinct electrophoretic variants were found in stud-
ies of erythrocytes from members of ten different fami-
lies. Five variants (Boston Slow, Duarte, Princeton,
Puerto Rico, and California) were associated with sig-
nificant methemoglobinemia and moderate to marked
decreases in enzymic activity. Precise correlations be-
tween levels of NADH-methemoglobin reductase ac-
tivity, electrophoretic mobility, and clinical severity of
methemoglobinemia, however, could not be drawn. One
variant (Boston Fast) was associated with almost nor-
mal activity and very minimal methemoglobinemia.
Nine members from three generations of two Italian
families were found to have two bands with NADH-
methemoglobin reductase activity in their erythrocytes,
one with normal mobility and one with a mobility identi-
cal with that of Boston Fast. No functional or clinical
impairment could be attributed to this abnormality. The
observations made in this investigation were consistent
with an autosomal recessive mode of inheritance of mul-
tiple alleles for NADH-methemoglobin reductase. As has
been shown to be true for hemoglobin and glucose-6-
phosphate dehydrogenase, multiple aberrations in the
NADH-methemoglobin reductase of human erythrocytes
apparently exist, some with and some without functional
consequences.
Two bands with NADPH-methemoglobin reductase

activity with electrophoretic mobilities distinct from
those of the NADH-methemoglobin reductase were
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found in human erythrocytes. These bands were normal
in hemolysates of erythrocytes from patients with heredi-
tary methemoglobinemia, but were absent from the he-
molysate of erythrocytes deficient in NADPH-methemo-
globin reductase activity. These latter erythrocytes, how-
ever, contained normal concentrations of methemoglobin
and had a normal ability to reduce methemoglobin in
vitro. These observations were most consistent with the
thesis that the NADH-methemoglobin reductase, distinct
from any NADPH-methemoglobin reductase, was the
major system responsible for the reduction of methemo-
globin to hemoglobin in human erythrocytes.

INTRODUCTION
Hereditary methemoglobinemia due to a decreased ability
of the erythrocytes to reduce methemoglobin has most
often been associated with deficient activity of the
NADH-methemoglobin reductase system (2). Direct
evidence that NADH-methemoglobin reductase activity
was impaired in the erythrocytes of patients with heredi-
tary methemoglobinemia was first provided by Scott and
Griffith in 1959 (3). An abnormal enzymic component
could not be demonstrated even after partial purification
of the enzyme from hemolysates of the erythrocytes of
Alaskan Eskimos and Indians with this disorder (4, 5).
Recent reports from several laboratories, however, have
described electrophoretic variants of this enzyme system
(6-10). The investigation reported here has defined six
different electrophoretic variants of NADH-methemo-
globin reductase which were observed in studies of
erythrocytes -from members of ten different families.
One of these variants appeared to be associated with
only a minimal decrease in activity.

METHODS
Blood specimens were collected in potassium EDTA or acid
citrate dextrose solution (ACD, NIH formula A) from
seven patients with hereditary methemoglobinemia, 16 het-
erozygous subjects, and 56 normal controls. Storage of these
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specimens at 40C for at least 1 wk did not affect the results
obtained. Methemoglobin concentrations were determined by
the method described by Evelyn and Malloy (11). Starch gel
electrophoresis at pH 8.6 revealed only normal hemoglobin
components in the erythrocytes of the patients, and the
absorption spectra of the methemoglobin and cyanmethemo-
globin derivatives were normal. NADH-methemoglobin re-
ductase activity was assayed by two different procedures,
a modification of the diaphorase method of Scott and Grif-
fith described previously (12) and the methemoglobin-
ferrocyanide method as reported by Hegesh, Calmanovici,
and Avron (13).
For electrophoresis, erythrocytes were obtained by thrice

washing the cells in isotonic sodium chloride solution with
centrifugation at room temperature. Washed cells, suspended
in an equal volume of isotonic sodium chloride solution, were
hemolyzed by freezing in a dry ice-alcohol bath and thawing
in warm water three times. Clear hemolysates were obtained
after centrifugation at 1000 g for 30 min. To obtain 30-50-
fold purified enzyme extracts, hemolysates were added to
DEAE-Cellulose 52, Whatman designation for preswollen,
microgranular diethylaminoethyl (DEAE) cellulose anion
exchanger (H. Reeve Angel & Co. Ltd, London, England),
which had previously been equilibrated with 0.005 M Tris-
phosphate buffer, pH 6.8 (about 20 g DE52 per 5 ml
of packed cells). Hemoglobin was removed by washing
this mixture with the same buffer solution on a Buchner
funnel until the filtrate became colorless. The enzyme
extract was recovered in the eluate obtained after mixing
the slurry with 0.5 M KCl, pH 5.6. This procedure was
a minor modification of the method described by Hen-
nessey, Waltersdorph, Huennekens, and Gabrio (14). The
eluate was concentrated by dialysis against 0.1 M Tris buffer,
pH 7.4, under reduced pressure for 6-12 hr. Whole hemoly-
sates or partially purified enzyme extracts which had been
adjusted to contain enzyme activity capable of reducing
from 3 to 5 nmoles of methemoglobin per minute were
applied to the slots of a starch gel for electrophoresis.
Vertical electrophoresis at pH 9.3 and 4°C and staining for
NADH- or NADPH-methemoglobin reductase were per-
formed as described by Kaplan and Beutler (8). This stain-
ing procedure depended upon the indophenol-mediated reduc-
tion of the tetrazolium dye by the reduced pyridine nucleo-
tides. Although this reaction did not involve the reduction
of methemoglobin itself, deficiency in the ability to reduce
methemoglobin has been correlated with deficiency in the
capacity to reduce an indophenol dye (5, 12, 13) and with
decreased or absent staining of the "diaphorase" bands after
electrophoresis (6, 8, 9). Convention, therefore, has resulted
in the designation of these bands as methemoglobin reduc-
tases. The distance of migration was measured from the
center of the band or bands staining for NADH-methemo-
globin reductase activity. Relative mobility of bands with an
abnormal migration was calculated by dividing the distance
of migration of the abnormal band by the distance of migra-
tion of the normal band on the same starch gel and multi-
plying by 100.
The ability of intact erythrocytes to reduce nitrite-induced

methemoglobin in vitro was evaluated by the procedure
described in detail previously (12).

RESULTS
A single band with NADH-methemoglobin reductase
activity, moving toward the anode but not as far as he-
moglobin, was demonstrated with the hemolysates of

erythrocytes from 56 normal subjects. Electrophoresis
of partially purified enzyme extracts prepared from these
hemolysates revealed a band that migrated the same dis-
tance. Electrophoresis of hemolysates deficient in NADH-
methemoglobin reductase activity revealed either a faint
or no visible band. A single band with a mobility differ-
ent from that of the normal was demonstrated for each
of seven patients with hereditary methemoglobinemia
upon electrophoresis of partially purified enzyme ex-
tracts. The mobility of these abnormal bands relative
to that of the normal band was consistent on repeated
determinations with whole hemolysates, when an ab-
normal band could be detected, and with partially puri-
fied enzyme extracts.
Only one band was observed when normal hemolysates

containing about 2 g/100 ml of hemoglobin or the
equivalent amounts of a partially purified enzyme ex-
tract were subjected to electrophoresis. An additional,
more anodic band with NADH-methemoglobin reductase
activity was seen after electrophoresis of more concen-
trated preparations. The intensity of staining of this
band was inconstant and tended to vary on different oc-
casions with preparations obtained from the same sub-
ject. Correspondingly, more rapidly migrating minor
bands with mobilities different from each other and from
the faster band of normal controls could be demonstrated
after electrophoresis of sufficiently large amounts of
partially purified enzyme extracts from both methemo-
globinemic and heterozygous subjects with the six elec-.
trophoretic variants described below.
The characteristics of the six different variants of

NADH-methemoglobin reductase are summarized in
Table I where they are listed in the order of their rela-
tive electrophoretic mobility.
The Boston Slow variant was characterized by Bloom

and Zarkowsky (9) in studies performed with blood
from their patient No. 7, originally reported by Keitt,
Smith, and Jandl (15). Although methemoglobin levels
as high as 27% had been noted previously, the concentra-
tion at the time of the present study was only 9.5%.
NADH-methemoglobin reductase activity was. about.
40% of normal. The relative electrophoretic migration
of the single band observed with both a fresh hemolysate
and a partially purified enzyme extract was 90% of
normal. Blood relatives of this woman of Irish parentage
were not available for examination..
The Duarte variant appeared as a rather broad band

with a relative electrophoretic mobility of 108% that
could be demonstrated only after electrophoresis of a
partially purified enzyme extract. The patient, a man
of English and Polish parentage, had an erythrocytosis
(packed erythrocyte volume 53%) and possible angina.
A methemoglobin concentration of 40% had been re-
ported, but therapy with ascorbic acid had reduced the
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TABLE I
Characteristics of Electrophoretic Variants of NADH-Methemoglobin Reductase

Relative
electro-

Preliminary Ethnic phoretic Whole blood NADH-methemoglobin
designation origin mobility methemoglobin reductase activity

% % jumoles/min Per g hgb
Normal (56) 100 0.6 40.3 2.86 40.60
Boston Slow Irish 90 9.5 1.08
Duarte English/Polish 108 6.81 0.34
Princeton Anglo-Saxon 113* 0.9*, 0.9* 0.94*, 1.25*
Puerto Rico Puerto Rican 117 11.1, 20.0, 21.0 0.18, 0.67, 0.33
Boston Fast Italian 127 3.4 2.17
California Unknown 133 14.4 25% of normal§

* Observed in asymptomatic heterozygotes; homozygote not available.
t While receiving ascorbic acid.
§ Reported by Kaplan and Beutler (8).

level to between 7 and 13%.1 NADH-methemoglobin
reductase activity was about 12% of normal.
Blood samples were obtained from the parents of three

children with hereditary methemoglobinemia (methemo-
globin levels of 10-30%) and severe mental retarda-
tion (16). Electrophoresis of partially purified enzyme
extracts revealed one band of NADH-methemoglobin
reductase activity with normal mobility and a second less
intensely staining band with a relative mobility of 113%.
Although the concentrations of methemoglobin in the
blood of the asymptomatic parents were less than 1%,
the NADH-methemoglobin reductase activities were only
33-44% of normal. The parents were of Anglo-Saxon
extraction. Unfortunately, none of the severely affected
children with the Princeton variant was available for
study.
Three apparently unrelated Puerto Rican women with

methemoglobinemia (11-31%) and erythrocyte NADH-
methemoglobin reductase activities between 6 and 23%
of normal were found to have an identical electropho-
roeic variant (Puerto Rico) with a relative mobility of
117% of normal. This variant was seen as a very faint
ban4 ter electrophoresis of whole hemolysates and as
a distinct single band after electrophoresis of a partially
purified enzyme extract. Five children of one of these
patients (16) were also examined. The NADH-methe-
moglobin reductase activities in the hemolysates of their
erythrocytes ranged between 0.94 and 1.61 Lmoles/min
per gram of hemoglobin (average 1.28 or about 45% of
normal). Partially purified enzyme extracts prepared
from their erythrocytes were all found to have two bands
with NADH-methemoglobin reductase activity after
electrophoresis, one with normal mobility and a less
darkly staining one with a mobility identical with that

'Beutler, E. Personal communication.

of the single band demonstrated with the extract of
their methemoglobinemic mother's erythrocytes.
The Boston Fast (Italian) variant was discovered by

pure chance upon examination of a hemolysate of the
erythrocytes of a woman with severe rheumatic heart
disease and a Coomb's positive hemolytic process. One
band with NADH-methemoglobin reductase activity had
a normal electrophoretic migration, while a second band
staining with approximately equal intensity had a rela-
tive mobility of 127%. This double band pattern was ob-
served after electrophoresis of both whole hemolysates
and partially purified enzyme extracts (Fig. 1). A fam-
ily study revealed the same pattern in the hemolysates
of the erythrocytes of four members in three generations
of this Italian family (Fig. 2, family B), as well as in five
members in three generations of another presumably
unrelated Italian family (Fig. 2, family D). The eryth-
rocytes of these subjects had both normal NADH-
methemoglobin reductase activities and normal capaci-
ties to reduce nitrite-induced methemoglobin in vitro.
The more rapidly migrating NADH-methemoglobin re-
ductase band had an electrophoretic mobility identical
with that of the single band observed by Bloom and
Zarkowsky (9) with the hemolysate of the erythrocytes
of their patient No. 8 (Fig. 1). The concentration of
methemoglobin in the blood of this woman of Italian
extraction was only 3%, and the NADH-methemoglobin
reductase activity by both the diaphorase and the methe-
moglobin-ferrocyanide methods was 62-75% of normal.
The ability of her erythrocytes to reduce nitrite-induced
methemoglobin in vitro was only slightly impaired
(about 90% of the normal control). In contrast, only
limited reduction of methemoglobin was observed with
the erythrocytes of patients with higher initial levels of
methemoglobin and lower levels of NADH-methemoglo-
bin reductase activity.
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Erythrocytes, frozen with glycerol, from the patient
originally described by Kaplan and Beutler (8) with
the California variant were available for study. A single
band with a relative mobility of 133% of normal was
observed after electrophoresis of a partially purified en-
zyme extract. These authors had reported a NADH-
diaphorase activity of about 25% of normal in her cells.
Her ethnic origin was unknown because she was an
orphan; she was described as a white American.1

In confirmation of the results reported by others (5,
13), both the diaphorase and the methemoglobin-ferro-
cyanide method permitted a clear distinction between
normal subjects and patients with significant methemo-
globinemia. Intermediate levels of activity were noted
with hemolysates of the erythrocytes from obligatory
heterozygotes and from cord blood of newborn infants.
Hemolysates with the double band pattern, normal
plus Boston Fast (Italian) variant, had normal activities
with both methods. The correlation between the two
methods was excellent with hemolysates with normal or
intermediate levels of activity. The correlation when
NADH-methemoglobin reductase activity was extremely
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FIGURE 1 NADH-methemoglobin reductase. Starch gel
electrophoresis, pH 9.3, of partially purified enzyme ex-
tracts. Slot 1, propositus of family B; slot 2, propositus of
family D; slots 3 and 6, patient with single Boston Fast
band; slot 4, diluted extract of erythrocytes from propositus
of family D; slot 5, normal control.

low was not as good because of the negative values ob-
tained with deficient hemolysates with the modification
of the original diaphorase method (12). The methemo-
globin-ferrocyanide method had the advantages of be-
ing specific for NADH, having a faster rate, and in-
volving a simpler procedure. The data obtained with
this method, therefore, have been presented in Table I.
When the NADH in the staining mixture was replaced

by an equimolar amount of NADPH, two bands were
observed after electrophoresis (Fig. 3). One ill-defined
band migrated to a more anodal position than hemo-
globin. The second, sharper, band migrated with hemo-
globin A and, therefore, was obscured on electrophoresis
of whole hemolysates. These bands were normal in the
hemolysates of all subjects with electrophoretically ab-
normal NADH-methemoglobin reductases. The NADH-
methemoglobin reductase band was stained in the pres-
ence of NADPH after electrophoresis of partially puri-
fied enzyme extracts, but the NADPH-methemoglobin
reductase did not show appreciable cross-reactivity with
NADH. Both bands with NADPH-methemoglobin re-
ductase activity were absent after electrophoresis of he-
molysate and partially purified enzyme extract of the
erythrocytes of the patient reported by Sass, Caruso, and
Farhangi (17) to be deficient in NADPH-methemoglo-
bin reductase activity (Fig. 3). The normal band with
NADH-methemoglobin reductase activity was present.
This patient's erythrocytes contained a normal con-
centration of methemoglobin, their ability to reduce ni-
trite-induced methenmoglobin was normal (17), and the
NADH-methemoglobin reductase activity was 4.32
xmoles/niin per gram of hemoglobin.

DISCUSSION

The data presented here have provided evidence for the
genetic and biochemical polymorphism of the disorder,
hereditary methemoglobinemia, associated with a defi-
ciency in the activity of NADH-methemoglobin reduc-
tase. The six electrophoretic variants of this enzyme
system were associated with extremely slight (Boston
Fast) to marked, but variable, decreases in enzymic ac-
tivity. Similarly, minimal to marked degrees of methemo-
globinemia were noted in erythrocytes containing an
electrophoretically homogeneous, but abnormal, band
with NADH-methemoglobin reductase activity. Signifi-
cant methemoglobinemia was usually associated with a
marked decrease in the activity of NADH-methemoglo-
bin reductase. Precise correlations between levels of ac-
tivity, electrophoretic mobility, and clinical severity of
the methemoglobinemia, however, could not be drawn.
The patients with the Duarte, Puerto Rico, and Cali-
fornia variants all had significant methemoglobinemia
and the NADH-methemoglobin reductase activities in
hemolysates of their erythrocytes were 25% of normal
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FIGURE 2 Pedigrees of two Italian families with normal and Boston Fast variant of NADH-
methemoglobin reductase. Half-shaded symbols indicate presence of double band pattern after
electrophoresis of hemolysate and partially purified enzyme extract. Figure above and to left
of symbol indicates concentration of methemoglobin in per cent of total hemoglobin, and figure
below and to right of symbol indicates NADH-methemoglobin reductase activity in "moles
per minute per gram of hemoglobin.

or lower. The degree of methemoglobinemia in the pa-

tient with the Boston Slow variant was similar, but the
level of NADH-methemoglobin reductase activity (about
40% of normal) was comparable to that in the erythro-
cytes of the subjects heterozygous for the Princeton and
Puerto Rico variants. These latter subjects were not
methemoglobinemic, although their erythrocytes had
been shown to have a decreased ability to reduce
methemoglobin in vitro (16). The erythrocytes of the
patient with the single band of NADH-methemoglobin
reductase activity designated Boston Fast contained
3% methemoglobin. The level of activity of NADH-
methemoglobin reductase was 62-75% of normal, and
the capacity of her erythrocytes to reduce methemoglo-
bin in vitro was only slightly impaired. Factors other
than the NADH-methemoglobin reductase with an al-
tered electrophoretic mobility may have been responsible
for the low, but abnormal, level of methemoglobin in this
individual's erythrocytes. Unfortunately, studies of this
patient and her family have not been completed, and no

conclusion about the mechanism for the slight elevation
in methemoglobin content would be valid. Since levels
of enzymic activity assayed under optimal conditions in
hemolysates may not reflect the capability of the com-

plete system in an intact erythrocyte, the lack of exact
correlation between activity and methemoglobin content
may not be too surprising.

The electrophoretic band designated Boston Fast may
be relatively common. Since the activity of this variant
did not appear to be markedly decreased, subjects whose
erythrocytes contained this altered enzyme would not be
expected to have clinically significant methemoglobine-
mia. Two families with a double band pattern were ob-
served in the present investigation. Recently, Detter,
Anderson, and Giblett (10) reported two patients whose
erythrocytes showed a double band pattern on starch
gel electrophoresis at pH 7.0. We have exchanged blood
samples with this group of investigators. In both labora-
tories, the hemolysates of erythrocytes from their pa-
tient, Mrs. G. (Scotch-Irish and English origin), and
from the propositus of our family D (Italian origin) re-
vealed identical double band patterns after electrophore-
sis. In addition, Detter has observed another individual,
Miss E. (Syrian origin), whose hemolysate also dem-
onstrated the same double band pattern in both labora-
tories. This latter patient's enzyme, however, appeared
to be more unstable upon heating than that of Mrs. G.
and of normal erythrocytes.2 Decreased affinity for
NADH, increased affinity for 2,6-dichlorobenzenone in-
dophenol, retarded utilization of deamino-NADH, and
moderately reduced thermal stability have been re-

ported recently 'for the Puerto Rico variant (18). For

2 Detter, J. C. Personal communication.
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some patients with hereditary methemoglobinemia, no
visible bands with NADH-methemoglobin reductase ac-
tivity have been detected, even after electrophoresis of
partially purified enzyme extracts (8, 9). There may
exist, therefore, multiple structural aberrations in the
NADH-methemoglobin reductase of human erythrocytes,
some with differences in charge and some with altera-
tions in functional or stability characteristics. Deter-
mination of the physicochemical properties and the
amino acid composition of the various electrophoretic
variants after isolation and purification of the enzyme
system will be required to permit a molecular definition
of the different variants.
Two other variants of NADH-methemoglobin reduc-

tase with altered electrophoretic mobilities have been
reported (6, 7). Because they have not been examined
under comparable experimental conditions, their rela-
tionships to the variants described here could not be
established.
The nature of the inconstant, minor, more anodic band

with NADH-methemoglobin reductase activity noted
after electrophoresis of concentrated hemolysates and
partially purified enzyme extracts in the present and
previous studies (7, 9, 10) has not been defined. This
minor band may represent a degradation product or
subunits of the major component with NADH-methe-
moglobin reductase activity. The electrophoretic mo-
bility of this minor band in normal hemolysates differed
from that observed with the six different abnormal elec-
trophoretic variants. The minor band, therefore, prob-
ably did not correspond to the NADH-dehydrogenase II
suggested by Scott (4) to account for the residual methe-
moglobin reductase activity in the erythrocytes of Es-
kimos with hereditary methemoglobinemia.

All of the observations reported here are consistent
with the thesis that NADH-methemoglobin reductase is
under the control of an autosomal structural gene.
The double band pattern observed to have been in-
herited in two families in the present investigation and
in the studies of Detter et al. (10) and the finding of a
normal and an abnormal band in hemolysates of erythro-
cytes of obligatory heterozygotes for hereditary methe-
moglobinemia (6, 8) support the concept of multiple
alleles for NADH-methemoglobin reductase.
The reduction of methemoglobin to hemoglobin in nor-

mal human erythrocytes has been shown to depend pri-
marily on a system requiring the generation of reduced
pyridine nucleotides (2). Scott and McGraw (19) iso-
lated and purified a NADH-methemoglobin reductase
from normal erythrocytes that was not detected in the
erythrocytes of an Eskimo with hereditary methemo-
globinemia (4). The purified preparation, using 2,6-
dichlorobenzenone indophenol as electron acceptor, had
with NADPH only about 1.5% of the activity with
NADH. Hegesh and Avron (20) purified an enzyme
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FIGURE 3 NADPH- and NADH-methemoglobin reductase.
Starch gel electrophoresis, pH 9.3. Slots 1-6, stained with
NADPH; slots 7-10 stained with NADH; slots 1-4, 9,
and 10, whole hemolysates; slots 5-8, partially purified en-
zyme extracts; slots 1, 3, 6, 7, and 10, normal control;
slots 2, 4, 5, 8, and 9, from erythrocytes with NADPH-
methemoglobin reductase deficiency. Arrow indicates posi-
tion of hemoglobin A in whole hemolysates.

from human erythrocytes that catalyzed the reduction of
methemoglobin by NADH in the presence of ferrocya-
nide. This enzyme was free of NADPH-methemoglobin
reductase activity, although it had some activity with
NADPH when other electron acceptors were employed.
On the other hand, Kaj ita, Kerwar, and Huennekens
(21) purified three pyridine nucleotide-dependent methe-
moglobin reductases from human erythrocytes. Each en-
zyme exhibited both NADH- and NADPH-methemoglo-
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bin reductase activities with a constant ratio of about
4:1, but methylene blue was always present in the assay
system. The electrophoretic mobility of the bands with
NADPH-methemoglobin reductase activity has been
shown to be quite distinct from the mobility of the band
with NADH-methemoglobin reductase activity (Fig. 3)
(8). Both bands with NADPH-methemoglobin reductase
activity were absent from the hemolysate of the erythro-
cytes of the patient with NADPH-methemoglobin re-
ductase deficiency, while the NADH-methemoglobin re-
ductase activity and electrophoretic band were normal.
This patient did not have methemoglobinemia, and the
ability of his erythrocytes to reduce methemoglobin in
vitro in the absence of added methylene blue was normal
(17). These observations, therefore, would be most
consistent with the thesis that a NADH-methemoglobin
reductase, distinct from any NADPH-methemoglobin
reductase, was the major system responsible for the
reduction of methemoglobin in human erythrocvtes.
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ADDENDUM
After this manuscript was submitted for publication, a report
describing one common and five rare electrophoretic variants
of NADH-methemoglobin reductase was published (Hopkin-
son, D. A., G. Corney, P. J. L. Cook, E. B. Robson, and
H. Harris. 1970. Genetically determined electrophoretic
variants of human red cell NADH diaphorase. Ann. Hum.
Genet. 34: 1). The authors noted that the frequency of rare
variants was about one in a hundred in a European, Indian,
and Negro population sample of 2620 individuals.
Dr. Stephen A. Feig (personal communication) has re-

cently observed that the single band with NADH-methemo-
globin reductase activity in the erythrocytes of his patient,
designated Boston Fast, may actually be composed of two
separate bands with similar, but not identical, mobilities.
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