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EDITOR'S NOTE
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A paper based on this report appeared in the following journal
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THE °“ CATALASE PROTEIN’

OF ACATALASEMIC RED BLOOD CELLS
BAOARI-—tEHFROLBOH ST

-t EHB

An Electrophoretic and Immunologic Study

BERXEBMN LS UICREF

INTRODUCTION

Acatalasemia, first described by Takahara
and Miyamotol
constitutional abnormality

in 1948, is a rare hereditary
2-5 characterized
by a deficiency of catalase in the blood.
The most striking characteristic of this
defect is that acatalasemie blood turns
brownish black immediately upon the
addition of hydrogen peroxide, owing to the
Recently, a

formation of methemoglobin.
hypocatalasemic state was described by
Nishimura et 9 7 In
this last condition the level of catalase
aetivity was found to be about one-half
that of normal blood.
catalasemia appears to be heterozygous, or

and Takahara et al.

Genetically hypo-

a carrier state for the acatalasemic gene.

The precise nature of the biochemical
defect in acatalasemia is unknown, but the
s tudy of certain aspects of the defect is
possible. Three possibilities can be
considered: catalase may be totally absent
in these individuals; it may be present but
inhibited by some extraneous factor; or
a substitute catalase-like molecule may be
enzymatically inactive because of a
structural defect in the molecular arrange-
ment of the enzyme.

In a series of experiments catalase
protein was studied in patients with
acatalasemia, hypocatalasemia, and normal
blood;
and spectrophotometric techniques were
employed. The results of these studies of
the acatalasemic and normal blood are

electrophoretic, immunochemical

herewith presented.
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MATERIALS AND METHODS

Normal erythrocytes were obtained from
citrated whole human blood of normal
persons and acatalasemic erythrocytes were

taken from adatalasemic persons.

The technigque employed in the extraction
of crude catalase solution is essentially
the same as the method by Herbert and
Pinsent.® 1In this procedure the super-
natant of the ethanol-chloroform extract
was dialyzed against distilled water
overnight, after which the dialysate was
frozen and dried. The powder was dissolved
Details of the
procedure used in the purification of
catalase are shown.

in distilled water.
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PROCEDURE USED IN THE PURIFICATION OF CATALASE
By T —E R

-

Human erythrocytes (washed 3 times with equal volumes of normal saline)
Aoy b Bk (RO R ko b 3 k)
Egual volumes distilled water (hemolysate)

[E oy # Ak (EALES)

(0.44 volumes of a mixture of
redistilled chloroform)

3 volumes of absolute alcohol and 1 volume of

(MATLT—L3 - HEF7o0F LA LOBGTHE-, ZREHRMFR.

centrifuge
i L 5y Mk
Stage 2
2 B b

supernatant Ll

Dialyze against distilled water at 4 ¢ for 24 hours it

l i HE T 4 T T 24 R ok TENT

pialysate &EH 4y
l (Lyophilize) (Bt}

Residue ¥

Precipitate (hemoglobin)
0 ff )

l (Dissolved in distilled water) (@& ER)

crude catalase solution¥l# ¥ 5 — £

Paper electrophoresis iF# % ikl

yeronal - Na, acetate buffer ~SoF =0 - |1 ABEREARE i,
H, 8.8:; lonic strength, 0.0450H 8.6, 4 4 5kl 0045

pensitometry (measurement of relative protein concentration)

BT R (HEA A AR )

Activity determination (elution after paper electrophoresis)

PR (A R R R T )

Herbert and Pinsenta



Filter paper electrophoresis was per-
formed according to the techniques of
Grassmann et 219319 using von Holt's
pufferll at pH 8.6 and with ionie strength
of 0.045. The migration time varied from
5 to 8 hours. The paper was then divided
into 2 strips parallel to the direction
of migration. One of the strips was dried
at room temperature and immersed in a
mixture of 0.05% bromphenol blue, 1.09%
HgClg, and 2.0% acetic acid. Excess
bromphenol blue was removed by washing
3 times with 2.0% acetic acid. After
a densito-

metric curve was drawn with the use of an

the paper strip was redried,

automatie recorder.

The remaining paper strip was cut into
multiple pieces 1 e¢m in width at right
angles to the direction of current flow.
These pieces of strip were washed twice
with 0.5 ml of physiologie saline solution,
to elute the catalase. Serial
dilutions were then made of the eluate to
an end point indicated by the lack of
reaction with hydrogen peroxide. The
number of dilutions of the eluate was used
as an index of catalase activity (Fig.3).

S0 a8

Electrophoresis was also accomplished
in a Tiselius apparatus (Hitachi), with an
analytical cell designed by Tiselius and
Longwarth.12 These migration experiments
were performed in Veronal buffer at H 8.6
with ionie strength of 0.1, at a potential
gradient of 4.0 to 4.5 volts/em. The

duration of the experiment was 3 hours.

Starch bloecks were prepared by the method
deseribed by Kunkel.13 The protein
concentration of each section of the blocks
was determined by the method of Folin
and Ciocalteu.l4 The procedure of Euler
and Joseph50n15 was used to assay the
catalase activity in the eluted sections

of the blocks.

Catalase antibody was formed in the
following purified catalase
solution (stage 5 of the procedure of
Herbert and Pinsents) derived from normal

manner:
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human erythrocytes was used as the antigen.
Purified catalase, 2 mg was emulsified with
Freund's adjuvant;l6 1 ml of this mixture
was injected intramuscularly into rabbits
at weekly intervals for 8 weeks.

Microprecipitin ring tests were performed

by means of Boyd's technique.lT

Quanti ta-
tive precipitin test curves18-20
obtained by adding 1 ml of purified

catalase solution of various concentrations

were

to 1 ml of anti-catalase rabbit serum.
This mixture resulted in a precipitate.
Test tubes containing such precipitates
were kept in an incubator at 37 C for 1
hour, and then placed in a refrigerator at
4-10 C¢ for 12 hours. The sediments were
centrifuged and washed 3 times with cold
saline. The precipitated protein was
analyzed by use of a mebhodq?escribed by
MacPherson and Heidelberger; " this method
is really a modification of the Folin-
Ciocalteu test.1? optical density of the
blue coloration was determined by use of
the Beckman model DU spectrophotometer at
a wave length of 700 mmy, 30 minutes after
the addition of the Folin reagent to the
precipitates.

shown in Figure 8.

The resulting curve is

Catalase protein of 2 normal and 2
acatalasemiec persons was gquantitatively
measured by adding extracts of the red
blood cells of each to the same antibody.
In a manner similar to that desecribed
above, the optical density at 700 mmu was
determined and the quantities of protein
were calculated from the above standardized
quantitative precipitin curve.

RESULTS

The Tiselius electrophoretiec pattern
(aseending boundaries) of the crude
catalase foundation extracted from red
blood cells (stage 2, Herbert and Pinsents)
of normal human beings may be seen in
Figure 1. A low peak of fast mobility
which is probably all catalase and a main
peak of slower mobility representing

hemoglobin may be observed.
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An illustration of the paper electro-
phoretic pattern of crude catalase extract
obtained from normal blood may be noted in
Two peaks comparable with those
the Tis
technique can be seen here. Comparison
with the control paper strip of human blood

[Figure 2.

obtained by the use of elius

serum indicates that the faster peak in
Figure 2B has the same mobility as j3-
globulin in normal human serum. Figure 2¢
shows the paper electrophoresis of purified
catalase (stage 5, Herbert and Pinsents),
which possesses the same mobility as the
faster peak in Figure 2p. In Figure 2p
it appears that the main peak consists of
hemoglobin, because this peak showed the
same mobility as hemoglobin in other tests.
Figure 3 shows the densitometric curve and
the eluted catalase activity paper electro-
phoretie curve of a crude catalase solution
(stage 2, Herbert and Pinsents) taken from
normal blood. This curve makes evident the
localization of catalase activity in t@q

fas ter peak.

FIGURE 1
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TISELIUS ELECTROPHORETIC PATTERN OF CRUDE CATALASE SOLUTION

EXTRACTED FROM NORMAL RED BLOOD CELLS
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FIGURE 2

PAPER ELECTROPHORETIC PATTERNS OF A CRUDE AND PURIFIED CATALASE SOLUTION

COMPARED WITH NORMAL HUMAN SERUM PATTERN
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A MNorma! human serum in control
B LA IR A L

B Crude catalase extract from
normal subject
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A paper strip of stage 2 solutions
extracted from normal and acatalasemic
blood is shown in Figure 4, in comparison
to a purified catalase solution. No
catalase activity is seen in the extract
from acatalasemic blood. The intensity
of staining of the faster peak in the
acatalasemic extract is weaker than that of
the normal extract., Figure 3 illustrates
the densitometric curves of the paper
strips shown in Figure 4. Protein con-
centration of the faster peak in the
extract obtained from normal blood was
15.4%, compared with 8.1% for the acata-
lasemic extract as determined by the method
of Folin and Ciocalteu.l4

The paper electrophoretic patterns of
hemolysates of normal, hypocatalasemic,
and acatalasemic blood are shown in
Figure 5. 0On the basis of electrophoretic
mobility there appears to be no abnormality
in the hemoglobin itself, since all 3
hemolysates show a single peak having

the same mobility.

Starch block electrophoresis of crude
catalase solution (stage 2) extracted from
normal blood appears to give better reso-
lution than paper electrophoresis in
revealing the catalase protein (Fig. 6).
The catalase peak in the starch block
preparation is slightly different from the
paper pattern in that the most mobile
component is divided into 3 parts. The
faster peaks in the starch block, as in the
paper strips and Tiselius method, possess
the catalase activity.

The immunologic reactions between the
anti-catalase rabbit serum and the crude
catalase solution from the blood of normal
and acatalasemic subjects when tested by
the microprecipitin ring tests gave the
results indicated in Figure 7. This
figure is an exact schematiec reproduction
of an actual series of tests. Photographs
of the actual tests were made, but were
Tube a shows a
distinct precipitate obtained in the
reaction between the crude catalase extract

difficult to reproduce.

of normal erythroecytes and the antibody;
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FIGURE 3 DENSITOMETRIC STUDIES OF PAPER ELECTROPHORETIC STRIPS OF CRUDE CATALASE

EXTRACTS FROM BOTH NORMAL BLOOD AND ACATALASEMIC BLOOD
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FIGURE 4 STAGE 2 SOLUTION ISOLATED FROM NORMAL AND ACATALASEMIC RED BLOOD CELLS,

COMPARED WITH PURIFIED CATALASE SOLUTION
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FIGURE 5 PAPER ELECTROPHORESIS OF RED BLOOD CELL HEMOLYSATES FROM ACATALASEMIC,

HYPOCATALASEMIC, AND NORMAL SUBJECTS
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FIGURE 6 STARCH BLOCK ELECTROPHORESIS OF CRUDE CATALASE SOLUTION
PURIFIED FROM NORMAL RED BLOOD CELLS
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FIGURE 7 DIAGRAM OF MICROPRECIPITIN RING TESTS
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FIBURE 8 QUANTITATIVE PRECIPITIN CURVE SHOWING REACTION OF PURIFIED GATALASE
WITH CATALASE ANTIBODY
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tube b, on the other hand, is an illustra-
tion of the lack of precipitate when an
extract of acatalasemic red blood cells
is mixed with antibody.
concentration of the antigen used in tube a

The protein
was the same as that of tube b.

When the antigen concentration obtained
from crude catalase extract of normal
erythroeytes is reduced to one-half that
of tube a and mixed with antibody in
tube ¢, a precipitate is still easily
recognized.

There is exhibited in tube d distinct
precipitation due to the reaction between
purified catalase (stage 5, Herbert and
Plnsents} and catalase antibody. Tubes
e and f contain antigen and antibody
controls, and as anticipated there is
no precipitate.

The quantitative curve of catalase
reacting with anti-catalase rabbit serum is
seen in Figure B§. The abscissa shows
the antigen concentration and the ordinate
indicates the extinction of the blue color
produced by the addition of Folin's reagent
to antigen-antibody precipitates. An
average of 2 tests was made for each point
on the curve. There was no significant
difference between the results of the
Point N (Fig. 8)
represents the precipitation due to the

2 determinations.

reaction between the crude catalase extract
of normal erythrocytes and antibody;
point A indicates the precipitation due
to the meager reaction between acatalasemic
erythrocyte extract and antibody.

The ratio of antigen concentration
{oN'-04') calculated from the curve in
Figure 8B proves to be 3.5:1. The protein
concentration of the extract of acatala-
semie blood was actually made 2 times the
concentration of the normal blood extract
in order to reveal any reaction between
acatalasemic blood extract and antibody.
This means that the real ratio of ON’ to
gar As Tl The results of the quanti-
tative precipitin tests colineide with those
of the microprecipitin tests. This would
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indicate that the extract of acatalasemic
blood seems to have only a trace of

catalase protein if indeed any exists.

DISCUSSION

An attempt has been made to determine
by paper electrophoresis and immunologic
reactions whether or not catalase protein
in the blood of subjects with
acatalasemia.

exists
It was observed in our
experiments that all catalase activity in
fractions of normal blood was found in the
eluate of a fast-moving electrophoretic
(Fig. 3). In
the peak obtained by the use of

peak of low magnitude
addition,
purified catalase (stage 5) in Figure 2¢
has the same mobility as the faster peak of
a stage 2 solution in Figure 2B-

In a partially purified catalase solution
(Stage 2, Herbert and Pinsents) from-.the
blood of subjects with acatalasemia, a very
faint peak having no catalase activity is
seen. Two possibilities may be considered
If we
assume the faster peak in normal blood

in order to explain this peak.
consists of active catalase plus a second
unidentified protein (Fig. 9),
acatalasemic subjects the unidentified

protein alone must remain in the blood.

then in

Since no catalase activity can be shown,

this peak is possibly composed of proteins

such as g-globulin, 22

23

carbonic anhydrase,

peptidase,
24

and/or methemoglobin re-

ductase. 411 of these proteins, and

possibly others, have essentially the same
mobility as the faint peak in acatalasemic
blood. If, on the other hand,
the hypothesis that the

consists solely of catalase, as in Fig.

we accept
ffaster peak
9B,
the faint peak of the acatalasemic blood
could be composed of a genetically altered
protein which is analogous to catalase.
0f these 2 hypotheses, the former seems to
be the more reasonably. The stage 2 extract
of acatalasemic blood has been shown not to
The

present electrophoretic study appears to
25

react with anti-catalase rabbit serum.

support the previous study, suggesting a
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FIGURE 9 SCHEMA POSTULATED TO EXPLAIN THE FASTER COMPONENT IN ELECTROPHORETIC PATTERNS
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in which the

either absent,

disturbed biosynthesis

catalase molecule is

negligible, or altered to such an extent
that it

reactive.

is no longer immunologically

The data presented above indicate that
an extract of acatalasemice blood has almost
no reactivity to catalase antibody. This
may be rationalized by assuming either that
the protein does not exist or, if present,
it is so highly denatured as to possess no
common determinant group.

These experiments have been carried out
with an ethanol-chloroform extract, and
there is a possibility that some denatured
catalase may escape into the sediment.
Because of this possibility immunologic
reactions should be carried out between
the hemolysate and human catalase anti-
body. These studies are currently being
condue ted.

SUMMARY

Studies on ethanol-chloroform extracts of
erythrocytes of subjects with hereditary
acatalasemia and normal red blood cells
were performed by the use of paper,
Tiselius, and starch block electrophoresis,
microprecipitin ring tests, and quanti-

tative precipitin studies.

11

BT840 Th- T, FAEMRMEIED, 20
B FT—EHFAEBE LD, BELTEVWEY
IZEA Lied, ARERERGEREZVWETIC
EMHLAZEERELTWA.

P EoiaEh, mA vy 5 — ¥iliigm gy
HhET—EHECH L TIEEAERBRIETHS
LETRLTWE. 2OZ i, EAFSSLHEREL
&Uﬁ,ﬁki%of%#ﬁ@%ﬁ@%ﬁ&ﬁt
EWETIIHMCERLTVWA200WTATSHS
CRELTHMTA2ZILEATES.

THLEBRIZIY J— L - FooARl AT
WEHWTERBLEY, 7 53—-—Eohiziizk
LTikBmhizk it bhTiT-t0d 55 TH
A9, TOXD RUREELPSEL T, BICEMRE
EAMOHA Y S —EHEOBIZE SN B RIER G
ZOWVTEANTHIZVLESEA. ThEOME
FHEERRTH 5.

BEMES ¥ 7 — ¥ MUAEHFMER S L CREH
RIMERO T / — b - 700k LETEIZD W
T, iF#k, Tiselius & & Uik 7o » 7 BAK
@ik, MR UkRERR BT E, A OV B BOG
ICEAWMREERL /.



In the paper electrophoretic and Tiselius
electrophoretic patterns of catalase
protein (stage 2 of the method of Herbert
and Pinscnta} extracted from normal
blood, a main moving peak having a slow
mobility and containing the globin fraction
of hemoglobin, and a small, faster moving
peak containing catalase, may be observed.
In starch block electrophoresis similar
results with better resolution were
obtained.

The protein concentration of the faster
peak obtained from the electrophoretic
migration on paper strips of a Herbert and
Pinsent stage 2 extract of acatalasemic
blood is lower than that obtained from
normal blood.

Reaction between crude catalase solution
(stage 2, Herbert and Pinsents) from
acatalasemic blood and catalase antibody
is negligible as determined by the micro—
precipitin ring test.

The concentration of catalase protein of
stage 2 acatalasemie blood extract proves
to be nearly zero, as calculated from the
s tandard quantitative precipitin curve.
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