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In the investigation of the electrophoretic be-
havior of hemolysates, attention has usually been
limited to study of the normal and abnormal
hemoglobins and little if any note has been taken
of the nonhemoglobin protein (NHP) constitu-
ents. However, NHP fractions have been de-
tected by electrophoresis of hemolysates from nor-
mal subjects, employing the procedure of Tiselius
(1, 2) or zone electrophoresis on paper (3),
starch block (4), starch gel (5-7), and agar (8)-.
Although some NHPfractions have been reported
to be separable by column chromatography (9),
the latter technic is difficult and time consuming
and does not serve well as a simple screening pro-
cedure.

In this report the separation of six NHP
erythrocytic constituents by a new modification
of the starch-gel electrophoretic technic of Smith-
ies (10, 11) will be described. The principal
constituent of each of two of the NHPzones has
been identified and certain characteristics of the
other zones will be presented. The difference be-
tween the patterns of NHP derived from the
blood of normal adult subjects and healthy new-
born infants will be described. A preliminary
report of this work has been presented (12).1

METHODS

Preparation of hemolysates. Washed red cells were he-
molyzed by freezing and thawing. After the addition of
0.5 vol of distilled water and treatment with toluene as
described by Drabkin (13), the resultant hemolysate was
clarified by centrifugation at 15,000 G and the hemoglobin
concentration reduced to 14 g per 100 ml.

* This investigation was supported by Research Grant
A-4489 from the National Institute of Arthritis and
Metabolic Diseases, Bethesda, Md.

f Markle Scholar in Medical Science.
t Lederle Traveling Fellow; on leave from the De-

partment of Pharmacology and Therapeutics, University
of Sheffield, 1959-60.

1 The terminology assigned to the NHPin the prelimi-
nary report differs from that used here.

Buffer system. The gels were made with 0.074 MTris
adjusted to pH 9.5 with 10 per cent citric acid. The
electrode and bridge vessels contained 0.1 M boric acid
adjusted to pH 9.5 with 2 N sodium hydroxide.

These buffers were found to give the most satisfactory
results in preliminary experiments in which different buf-
fers, of various concentrations and pH, were studied.
Sharper separations were obtained with the "discontinu-
ous" buffer system of Tris and citric acid in conjunction
with a borate bridge buffer (14, 15) than with either
borate or Tris alone or Tris-EDTA-borate (16, 17).

To determine whether the use of a buffer at pH 9.5
modified the native proteins, a hemolysate was equili-
brated for 18 hours with Tris-citrate buffer at pH 9.5,
then dialyzed against the same buffer adjusted to pH 8.6
prior to electrophoresis at pH 8.6. A portion of the same
hemolysate, kept aside as a control and not exposed to
the buffer of pH 9.5, was subjected to electrophoresis on
the same gel. Identical zones were obtained with both
portions of the hemolysate, whether or not it was exposed
to the higher pH. However, not all of the NHP zones
were separated at pH 8.6.

Preparation of gel and electrophoresis. Hydrolyzed
starch, either prepared by the authors as described by
Smithies (10) or purchased (Connaught Medical Re-
search Labs., Toronto, Canada), was suitable. Best re-
sults were obtained with gels that were prepared with
13.6 to 14.1 g of starch per 100 ml buffer solution, de-
pending upon the individual lot. Concentrations of starch
of 12 to 13 g per 100 ml, which are suitable for serum
electrophoresis, were not satisfactory for this study.

With the modifications in starch concentration and
composition of the buffers noted above, the gel was pre-
pared as described by Smithies and electrophoresis was
carried out in a vertical plane (11) with the anode lower-
most, at 60 C, with a voltage gradient of 8.5 v per cm, for
about 18 hours.

Staining of the gel. The gel was bisected by a cut
parallel to its broadest surface. This yielded a pair of
surfaces from the interior of the gel for study, one the
mirror image of the other. One half of the bisected gel
was stained for protein with amido-black 10B (10). The
other half was first overlaid with 3 per cent hydrogen
peroxide to localize catalase activity and then, after
flushing with distilled water, with a reagent to localize
hemin. The latter reagent was freshly prepared by com-
bining: 50 ml methanol saturated with benzidine hydro-
chloride, 10 mg sodium nitroferricyanide freshly dissolved
in 50 ml distilled water, 10 ml glacial acetic acid, and 3
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assays were performed at 20° rather than 37° C. Car-
- _E~mmmm bonic anhydrase assays were performed by the method of

Wilbur and Anderson (22). The "S protein" was pre-
pared by the method of Moskowitz, Dandliker, Calvin
and Evans (23). The alkaline resistant fraction of he-
molysates was prepared by the method of Derrien, Lau-
rent and Roques (24). Chloroform-ethanol fractionation
was based on the method of Tsuchihashi (25) as modi-
fied by Huennekens, Liu, Myers and Gabrio (26).

Photographic records. Photographic records of stained
gels were made on 35 mmKodak Microfile film, with
tungsten illumination and a red filter, and were developed
in Kodak D-11.

RESULTS

Normal pattern. In the unstained gels the
NHP zones were colorless. The major adult

I

FIG. 1. ELECTROPHORESISOF HEMOLYSATEFROMNORMAL
ADULT SUBJECT; AMIDO-BLACK STAIN. Four nonhemo-
globin protein zones (NHP) and two hemoglobin (Hb)
zones are illustrated; NHP zones Ia and IIa, sometimes
separated in addition to those shown here, would be
cathodal to NHP I and II, respectively. The relative
intensity of the staining of the zones is not accurately de-
picted owing to the high contrast properties of the photo-
graphic materials employed. To help illustrate the rela-
tive staining and width of the zones, the hemolysate used
in the track on the left had less than the standard hemo-
globin concentration.

ml 3 per cent hydrogen peroxide. The nitroferricyanide
rendered the hemin-containing zones a deep black color
which persisted, whereas the color developed by benzidine
alone faded rapidly.

Carboxymethyl cellulose was prepared for adsorption
of hemoglobin as described by Huisman and Meyering
(18). Diethylaminoethyl cellulose was treated as de-
scribed by Hennessey, Haffner and Gabrio (19). IRC-50
was prepared by the method of Allen, Schroeder and
Balog (20). Catalase assays were performed as de-
scribed by Takahara and co-workers (21) except that

hemoglobin, A1, and the normal minor component,
A2, described by Kunkel, Ceppellini, Mfiller-Eber-
hard and Wolf (4) could be recognized by their
characteristic color. After staining the gels with
amido-black, four distinct zones of lesser anodal
mobility than the hemoglobins were revealed
(Figure 1). These were termed NHP zones I,
II, III, and IV, in order from the origin. Two
additional NHP zones, narrow and staining

Origin

f4-NHPI
+ + ~~~~~NHP E a
+ v - *_ of ~NHPE

+ A; _H4-NHP=

* m4-^H HbA2
...........

Hb
A i + F H

FIG. 2. ELECTROPHORESISOF HEMOLYSATESFROMNOR-
MAL ADULT AND NEWBORNSUBJECTS; AMIDO-BLACK STAIN.
Hemolysates from two normal adult subjects (right) are
compared with hemolysates from two newborn subjects
(left). In an anodal direction from the origin slits, NHP
zones I, Ha, II, III, and IV can be seen in the adults.
In the newborn, NHPII is virtually absent and NHPIV
considerably reduced. Hb F, present in addition to Hb
A, in the newborn, has produced retardation of the main
hemoglobin zone. Hb A2 is reduced in the newborn.
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TABLE I

Characteristics of protein zones separated by electrophoresis on starch gel

Intensity of Gas pro-
Protein Relative Width staining with Benzidine duction

zone migration* of zone amido-black reaction with H202

I 0.29 + ++ 0 0
(±E 0.032)

II 0.47 ++ ++ 0 0
(± 0.029)

III 0.57 ++ + + +++
(4 0.040)

IV 0.69 +++ +++ 0 0
(i 0.016)

A2 0.82 +++ +++ +++ 0
(4 0.018)

Al 1.00 ++++ ++++ +++ 0

* Relative migration calculated from measurements of the zones in 164 tracks on 25 gels (see text); mean, i SD.

rather lightly, were seen on some gels cathodal
to zones I and II and were termed Ia and Ila,
respectively.

Each of the four principal NHP zones could
be identified by considering five characteristics:
1) relative migration from the origin, 2) intensity
of staining with amido-black, 3) width of the
stained band, 4) reaction with dilute hydrogen
peroxide, and 5) reaction with the benzidine-
nitroprusside reagent (Table I and Figures 1,
2, 3).

These five characteristics have been studied in
hemolysates prepared from more than 50 normal
adult subjects. A uniform pattern was noted.
The results in 164 tracks on 25 gels are sum-
marized in Table I. No significant variation
occurred when 10 different hemolysates were
prepared from the same subject over a period of
5 months.

The relative migration was calculated as the
ratio of the distance from the origin to the
center of the zone under consideration (numera-
tor) divided by the distance from the origin to
the sharp cathodal edge of the broad A1 zone
(denominator). The relative migration of each
zone was rather constant, the values in Table I
indicating a coefficient of variation of 11 per cent
for NHP zone I, 6 to 7 per cent for zones II
and III, and about 2 per cent for NHP zone
IV and the A2 zone.

Zone IV was the widest, zone I, the narrowest;
zones II and III were equal and intermediate in

width between zones I and IV. In regard to
the intensity of staining with amido-black, zone
IV stained most intensely and zone III the least
intensely. Zones I and II stained equally and
were intermediate in intensity between zones
III and IV.

Only zone III of the NHPzones reacted with
the benzidine-nitroprusside reagent (Figure 3).
The color development was neither so intense nor
so rapid as with the two hemoglobin zones.

+ - Origin

4 :: NHPm

4HbA2

IHb Ai
Hb f

- + F

FIG. 3. ELECTROPHORESISOF HEMOLYSATESFROM NOR-
MAL ADULT AND NEWBORNSUBJECTS; BENZIDINE-NITRO-
PRUSSIDE STAIN. The second half of the gel shown in
Figure 2, reversed left to right in printing so that the
tracks may be compared directly. Only Hb A, F, A2 and
NHPzone III give a positive reaction.
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TABLE Ii

Comparison between adult and fetal blood in regard to width
and staining intensity of the zones

Intensity of staining
Width of zone with amido-black

Protein
zone Adult Fetal Adult Fetal

I + + ++ ++
II ++ +* ++ +*

III ++ ++ + ++
IV +++ ++ +++ +
A2 +++ ++ +++ +
Al ++++ ++++ ++++ ++++

* Not observed in all specimens.

Only zone III of the NHPzones released gas

bubbles on the addition of 3 per cent hydrogen
peroxide to the gel. The area covered by the
small gas bubbles corresponded exactly to the
area of zone III as determined with either the
amido-black stain or the benzidine-nitroprusside
reagent.

No significant variation in the above pattern
was observed from individual to individual or

in the given subject from time to time.
The pattern of hemolysates prepared from the

umbilical cord blood of 10 newborn infants was

qualitatively similar to that of the adult subjects.
However, certain differences were observed in
the intensity of staining with amido-black (Table
II), presumably indicating quantitative differ-
ences in the concentration of the proteins. NHP
zones II and IV were greatly reduced in their
intensity of stain, compared with the result in
adults (Figure 2), and frequently zone II was

barely visible. On the other hand, NHP zone

III was as dark, or darker, than in samples from
adults, while NHP zone I appeared as in the
adult. The A, hemoglobin zone was reduced in
intensity of staining, in keeping with the reported
low level of this component in the newborn; this
reduction was similar in degree to that of the
adjoining NHP zone IV.

Further studies characterizing the NHPzones.

Electrophoresis of hemolysates after various
chemical and physical treatments, electrophoresis
of "purified" red cell enzymes, and enzyme assays

were performed to assist in identifying or charac-
terizing the NHPzones (Tables III, IV).

NHPzone I. Constituents of this zone were

not identified but it could be separated from the
native hemolysate by the procedure outlined by
Moskowitz and colleagues (23) for the separation
of S protein. In addition, zone I proteins were

found to be precipitated together with hemoglobin
by the chloroform-ethanol reagent (26) and by
exposure to alkali (24). NHP-I was readily
eluted from IRC-50 (20) and was not adsorbed
onto carboxymethyl cellulose (18) but was ad-
sorbed onto diethylaminoethyl cellulose (19).
Differential adsorption with these substituted cel-
luloses afforded a means of separating zone I
proteins from the hemoglobin of hemolysates.

NHPzone II. Constituents of this zone were
not identified. In contrast to the protein(s) of
zone I, NHPof zone II remained in the super-
nate after treatment of a hemolysate with alkali
or the chloroform-ethanol reagent. It was ad-

TABLE III

Effect of certain chemical and physical agents on the erythrocytic NHP

Protein zones demonstrable in hemolysate
after specified treatment

Agent and reference I II III IV Hb

Chloroform-ethanol (26) no yes no yes no
Potassium hydroxide,

pH 12.7, 2 min (24) no yes no yes no
Carboxymethyl cellulose,

phosphate buffered, 0.01 M,
pH 6.5 (18) yes no yes yes no

Diethylaminoethyl cellulose,
phosphate buffered, pH 7.0,
0.003 M (19) no yes no yes yes

IRC-50, phosphate buffered,
0.05 M, pH 6.92 (20)* yes yes yes yes no

* Tabulated data refer to eluate prior to release of hemoglobin from the resin.
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TABLE IV

Effect of certain chemical and physical agents on carbonic
anhydrase and catalase enzymatic activity of hemolysates

Enzymatic activity
demonstrable in
hemolysate after

specified treatment

Carbonic
Treatment and reference anhydrase Catalase

Chloroform-ethanol (26) yes no
Potassium hydroxide,

pH 12.7, 2 min (24) yes no
Carboxymethyl

cellulose (18) yes yes
Diethylaminoethyl

cellulose (19) yes no
IRC-50 (20) * yes yes

* Tabulated data refer to eluate prior to release of
hemoglobin from the resin.

sorbed onto carboxymethyl cellulose but not onto
diethylaminoethyl cellulose, and was readily
eluted from IRC-50.

NHPzone III. As already noted, zone III was
presumed to contain the heme enzyme, erythrocyte
catalase, because of the release of gas over its
area when hydrogen peroxide was applied to an
unstained gel. Assays of eluates from all zones
of the gel showed that significant catalase activity
was limited to zone III (Table V) and that most
of the catalase activity of a whole hemolysate
prior to electrophoresis could be recovered from
this zone of the gel. The following additional
characteristics were noted: the protein of zone
III was precipitated by the chloroform-ethanol
reagent of Huennekens and co-workers (26) and
by alkali (24); it was readily eluted from IRC-50
and was not adsorbed onto carboxymethyl cellu-
lose; it was adsorbed by diethylaminoethyl cellu-
lose, from which it could be subsequently eluted.
Furthermore, NHP III protein was found to
travel with A3 hemoglobin when hemolysates were
subjected to electrophoresis on starch block, by
means of the technic of Kunkel and colleagues
(4).

NHPzone IV. The properties and enzymatic
activity of this zone are those of erythrocyte car-
bonic anhydrase. Zone IV protein resisted pre-
cipitation by chloroform-ethanol (26, 27) or
alkali (24), as does carbonic anhydrase (27),
and was not adsorbed by carboxymethyl cellulose
or diethylaminoethyl cellulose; it was readily
eluted from IRC-50.

Assay of eluates of all zones of the gel re-
vealed carbonic anhydrase enzyme activity only in
zone IV (Table V). Furthermore, a refined
concentrate of human erythrocyte carbonic anhy-
drase,2 prepared by calcium phosphate gel column
chromatography and judged to be "pure" by
ultracentrifugation and free electrophoresis, was
composed almost entirely of material that corre-
sponded to the mobility of NHP zone IV but
contained very small quantities of two components
having a greater anodal mobility than any of the
NHP described above. The findings were the
same when another human erythrocyte carbonic
anhydrase concentrate,8 prepared by a different
method, was studied.

After electrophoresis of a hemolysate on a
starch block (4), the NHPeluted together with
hemoglobin A2 and also obtained from the region
between A2 and the origin, proved to be NHP
zone IV on our gels.

Catalase assays. The relationship between the
intensity of staining of NHPzone III (Table II)
and catalase activity was investigated. Whole

TABLE V

Assay of individual gel zones for catalase and
carbonic anhydrase enzymatic activity *

Carbonic
Zone Catalase, anhydrasel

Kcat.t sec
NHPI 0.00 145
NHPII 0.00 132
NHPIII 3.55 144
NHPIV 0.00 56
Hb A2 0.00 152
Hb Al 0.15 149

* A hemolysate from a normal adult was used. After
electrophoresis the unstained gel was sectioned into stated
zones, using a single stained track from that gel as a guide.
The liquid expressed from each section after freezing and
thawing was assayed for enzymatic activity.

t Catalase assayed by method of Takahara and col-
leagues (21). K,,.t. for hemolysate, prior to electropho-
resis, diluted 1:1,000 was K,,,t. = 2.55. Final dilution of
samples submitted for assay, 1:500.

t Method of Wilbur and Anderson (22). The figures
record the time in seconds for the pH of veronal buffer to
fall from 8.2 to 6.3 upon the addition of a standard quantity
of carbon dioxide-saturated water; the blank value was
138 seconds; 0.1 ml of 1:75 dilution of each eluate was
used in a total reactant volume of 5.1 ml to assay activity
of each zone.

2Generously provided by Dr. Egon Rickli of the Har-
vard Biological Labs.

3Generously provided by Douglas Brown, Laboratory
for the Study of Hereditary and Metabolic Disorders,
Univ. of Utah.
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TABLE VI

Catalase activity in blood from
adult and newborn subjects

Adults Newborn

No. subjects 27 25
Kct.*

Range 2.74-4.75 1.58-3.61
Mean 3.65t 2.61t
SD 4_ 0.51 i 0.52
SE i 0.10 i 0.11

* Kaat = 103 (l/t-logio xo/xt), where xo = Mmoles H202
present at time zero; xt = Mmoles H202 remaining after the
reaction has proceeded for t seconds, where t does not exceed
60.

t The probability that these means are from the same
population is <0.001, as judged by the t test (41).

blood from newborn subjects was found to have
less catalase activity per unit hemoglobin con-
centration than had blood from adult subjects
(Table VI). This observation confirms the
results of Jones and McCance (28) who em-
ployed a different method for assay. An earlier
study by other workers (29) reported the con-
verse. In a review of the subject (30) this dis-
crepancy was attributed to technical differences,
neither finding being favored.

DISCUSSION

Four nonhemoglobin proteins (NHP) have
been repeatedly separated from one another and
from the hemoglobins by electrophoresis despite
the preponderance of hemoglobin in hemolysates.
On some occasions two additional NHP were
separated. In our experience a better result is
afforded by the method described here than in
systems buffered with phosphate at pH 6.5 (6).
On a single gel the NHPof eight different hemo-
lysates may be studied qualitatively and semi-
quantitative assessments can be made. At the
same time, electrophoretically abnormal hemo-
globins may be detected and significant alterations
in the concentration of the normal minor hemo-
globin component, A2, may also be noted. This
method may further be used to judge the purity
of enzymes "isolated" from erythrocytes. Thus,
an erythrocyte carbonic anhydrase preparation 2
(judged to be "pure" by the criteria of ultra-
centrifugation and free electrophoresis) was
found to contain, in addition to the principal com-
ponent (NHP zone IV), other NHP in distinct
zones of greater anodal mobility. This observa-

tion is in agreement with the report of Rickli
(31).

For several reasons it is unlikely that the NHP
zones reported here represent denatured hemo-
globin or globin, or other artifacts. First, all but
one of the zones are benzidine-negative. Second,
the electrophoretic migration of heme-free globin
in no way resembles that of these NHP zones.
Third, the only benzidine-positive NHPzone has
been identified as containing the heme-enzyme,
catalase, whereas one of the benzidine-negative
zones has been identified as containing carbonic
anhydrase. Fourth, all of these NHP have a
lesser anodal mobility than has even the slowest
of the hemoglobins, hemoglobin C. Finally, we
do not believe that the NHPzones are artifacts of
the pH selected for these studies. Although
better separation of the NHP was afforded at
pH 9.5 than at the more conventional value of
8.6, increments in pH from the latter value did
not produce an abrupt change in the electro-
phoretic pattern until a pH of 10.0 was reached,
whereupon discrete protein zones were no longer
formed. A hemolysate first equilibrated at pH
9.5 and then subjected to electrophoresis at pH
8.6 compared exactly with a portion of the same
hemolysate not previously exposed to the higher
pH but analyzed on the same gel. Also in sup-
port of our view, that these components are
native to the erythrocyte, is the report of Rose
and colleagues (32) of the separation of six to
eight distinct constituents from hemolysates, by
the use of immunoelectrophoretic analysis.

Wehave identified NHPzone IV as containing
the erythrocytic carbonic anhydrase on the basis
of assays for this enzymatic activity in the various
zones of the gels (Table V) and by comparison
with the migration of a refined preparation of
erythrocytic carbonic anhydrase subjected to elec-
trophoresis under the same conditions. In addi-
tion to these properties other observations con-
cerning NHP IV are consistent with knowledge
of carbonic anhydrase; namely, the stability of the
latter at alkaline pH (27) and on exposure to
chloroform-ethanol (27) and its relative reduction
in erythrocytes of the newborn as compared with
those of adults (28, 33).

Since NHPIV is present in higher concentra-
tion in adult erythrocytes than is any other NHP,
and since we have readily demonstrated it under
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conditions which failed to demonstrate all of the
other NHP, it seems probable that NHP zone
IV corresponds to the NHP occasionally noted
by other investigators in electrophoretic studies
of hemolysates. There seems to be little doubt
that the unidentified component, termed "X1,"
thoroughly studied by Derrien and Laurent, and
their associates (3, 24, 34-37) corresponds to
the NHPzone IV of our studies. The charac-
teristics detailed by those authors correspond to
those of NHP zone IV, except that "X1" was
not studied for carbonic anhydrase activity by
Derrien and his co-workers. Although not identi-
fied in a positive sense, the amino acid composition
of "X1" was sufficiently characterized to distin-
guish it from the hemoglobins A and F (34).

The identification of NHP zone III with
erythrocytic catalase is based upon 1) liberation
of gas from hydrogen peroxide by this zone alone;
2) limitation of significant catalatic activity, de-
termined by direct assay of eluates of the gel, to
this zone; and 3) the demonstration of peroxi-
datic activity in NHPzone III when the hydrogen
peroxide concentration was kept sufficiently low,
a fact consistent with the known behavior of
catalase under such conditions (38).

Generally, NHPzone III stained more darkly
in hemolysates from newborn subjects than from
adult subjects, suggesting a higher concentration
of catalase in the former. However, on direct
assay we found the catalase activity to be lower
in newborn than in the adult (Table VI). This
paradoxical situation may be explained by a re-
duction in the catalase content of erythrocytes of
the newborn, compared with the adult, together
with the presence of a NHPin zone III in addi-
tion to catalase. An alternative and simpler ex-
planation might be that the catalase in erythro-
cytes of the newborn has a lower specific activity
than that of adults but is present in higher con-
centration, the latter inadequate to yield a net
activity equal to that of adults. In the only re-
ported occurrences of hypocatalasemia in adults
(21), a decrease in the enzymatic activity was
noted, but neither qualitative nor quantitative
studies of the enzyme protein were reported.

Although the NHP of zone II have not been
identified, on the basis of the information given
in this report one may speculate that one or more
of the enzymes known to remain in the super-

nate after chloroform-ethanol treatment of
hemolysates-namely, erythrocyte phosphoglucose
isomerase (39), methemoglobin reductase (26)
and, possibly, glutathione peroxidase (40), among
others-may be present.

The apparent similarity between NHPzone I
and the S protein described by Moskowitz and
colleagues (23) is of interest, but we have as yet
found no information concerning its biological
function or chemical nature.

SUMMARY

1. A method is described for electrophoresis
of hemolysates on starch gel, using a Tris-citrate-
borate buffer system at pH 9.5. By this method
a clear separation of six nonhemoglobin protein
(NHP) zones may be achieved. Each of the
NHP zones has characteristic appearance and
properties, and all move more slowly toward the
anode than do normal or abnormal hemoglobins.

2. NHP zone III contains the erythrocytic
catalase and NHPzone IV contains erythrocytic
carbonic anhydrase. The identity and functions
of the proteins in the other zones are not yet
known.

3. Umbilical cord blood differs from normal
adult blood in giving an increased staining reac-
tion of NHP zone III and a decreased staining
of NHP zones II and IV and by having the
well known lower quantity of the minor hemo-
globin component, A2

4. The described technic may be applied to the
study of the purity of enzymatic preparations
isolated from erythrocytes and to the study of
erythrocytes with the object of detecting qualita-
tive or quantitative alterations in enzymes or
other NHP constituents in disease.
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