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CATALASE COMPONENT IN HUMAN ERYTHROCYTES
ErFRMRICEFZZH 2T —-EHS

AN ANTICATALASE REACTING COMPONENT IN NORMAL, HYPOCATALASIC AND ACATALASIC HUMAN ERYTHROCYTES
E®, B2 7 - HEHEEIVEH T - FEEE KM
s ampr a7 - E¥REMRS

INTRODUCTION

A previous pape'r1 dealing with immunochemical studies
of catalase showed that the amount of immunochemically
assayed catalase in normal human hemolysates was
proportional to the catalase estimated by enzymatic activity
measurements. This seems to indicate that human erythro-
cyte catalase is of a fully active form. Recently, however,
further qualitative analyses using immunological techniques
have detected in normal hemolysates an enzymatically
inactive minor component, detectable by anticatalase, but
clearly distinguishable from active catalase.

In their quantitative precipitin studies of acatalasic red
blood cells, Ogata and Takahara® demonstrated a small
but measurable amount of precipitate, upon addition of
rabbit antihuman erythrocyte catalase serum to hemoly-
sates from acatalasic individuals. The present authors
have confirmed this finding and further demonstrated
that acatalasic hemolysates contain only the minor
component described above.

The present communication describes attempts to purify
and characterize this minor component using various
immunochemical procedures.

MATERIALS AND METHODS

Crystalline catalase was prepared from pooled normal
human blood by the method of Herbert and Pinsent.”
The preparation used as an antigen was homogeneous on
electrophoresis and ultracentrifugation. The Kat. . value
was 156,000 and the absorbancy ratio, ODso7 !’ODZ?G,

was 1,35,

Catalase antibody was prepared by injecting purified
catalase in Freund’s adjuvant into rabbits as described
|:;re\fi0a.|sly.l

%

Il

HRCEELAEA s F—FORBEMFHNNE TlE, EE
v hRMEBROEMEIZEDIE A% 7 —¥ORELFNE
Bl tBEGEOBES SR ZHEI BT 5 2 & AR
HENTWVWE., ZOZEiE, b FRMES ¥ 5 — ¥ H5E
ELFEERNL O THEIZLERTEIIZEDNA. L
ALAHG, BiE, REFNHEEHOTES L2
T - 2885, #EmcEwEnEh cBEEGEL RS
TVWHEBESARREIAL. Ty T -l ko
THRBE2H, Ehehrys-—FLiiit-2WEAT
5.

BhslUmiz g, Bhy 7 -FEoRLRzIoVT
ERMITERGET2 v, Bh 55 - YEOEMLREIZY
H X PN S - Y MERMLT, METES
ENMETEAREOREHERD T VA, FEHELLZ
DR EMEL, 26128y 57— FiFE M ® oM
B FO&HE2HF T2 2F 0L,

IoEE T, AEAELENTFEHAHGOTIOMER
GEHEL, TOoMEEERLEY & LESRIOEL
DWVnTak3,

MESLUAE

oAy —FiL, EEADPLE B MAEHS S, Herbert
#HEU Pinsent @ FiE? 1ok - THEBI LA, HEELT
Mg, SRkdls L UBgEL T —Td - k.
Kat. f. ffi1£156,000, A4 & & ORI, ODwr /
OD 276 (31.36T & - 7.

WAy 7—F¥id, RCBRELAHE - T, Kl
# 9 —+ % Freund adjuvant |ZBE& L T cEsL
T,



Agar diffusion tests employed a slight modification of
OQuchterlony’s technique.” Immunoelectrophoresis was
performed using 1.5% agar buffered at pHB.6 with
0.1 M diethylbarbiturate. Electrophoresis was carried out
at 3mA per cm width for 5 hours. Anticatalase was
introduced into the longitudinal troughs, and the precipitin

reaction was developed in a refrigerator for 2-3 days.”

The quantitative precipitin reaction was carried out as
reported by Higashi and Peters.” The washed precipitate
was dissolved in 0.15ml of 0.53N NaOH. To this
solution was added 0.3 ml of bromsulfophthalein reagent,
and the mixture was kept at 37 C for 15 minutes. The
protein precipitate was removed by centrifugation and
0.25ml of the supernatant was transferred to a tube
containing 4.0ml of 0.1 N NaOH. After mixing, intensity
of purple color was measured by its absorption at 580 my
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FIGURE 1| Standard quantitative precipitin curve for human erythroecyte catalase
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The decrease in absorbance, compared with the blank,
indicates the amount of the catalase-anticatalase complex. £
A standard precipitin curve is shown in Figure 1.

Enzymatic activity was assayed by a modification of the
. . 6,9
spectrophotometric method of Beers and Sizer.

Sephadex G-100gel filtration was performed according
to the method of Andrews,'’ using a 2.4 x50 em column
equilibrated with 0.05M, pH 7.5 tris-HCI buffer containing
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0.1M KCl. A 2ml sample was applied, the flow rate was
25ml per hour and 3ml fractions were collected for
analysis. For estimation of molecular weight, the column
was calibrated by employing purified preparations of
several proteins of well known molecular weight. Among
these were human serum ¥ globulin, bovine serum albumin,
rat liver catalase, trypsin inhibitor and eytochrome c.

Venous blood, obtained from previously known hypo-
catalasic and acatalasic individuals, was heparinized and
transported in iced containers to the laboratory. Figure 2
shows abbreviated pedigrees of the two families studied.
Described in detail elsewhere, the gcnetic trait in the
TE family is the so-called ‘classic’ type ! whereas that
of the OH kindred is a genetic variant."® Normocatalasic
blood samples were obtained from six members of the
laboratory group.

oo B E 2ml AR, WE25ml BT, 3ml OOk
LToth Lz, sTROEEOLDHIZ, FTROLCH
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1
2 3
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EHD g7 -—F
O Female #& @ Dead 3EC
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AT AL 45 E

TE

ﬂ Hypocatalasic or heterozygote
EBHsS—EEhlE~ToEkEHE
Normocatalasic
Bhyrs-—+

FIGURE 2 Abbreviated pedigrees of OH and TE kindreds. Numbers identify hemolysates referred to in Figure 5,

Table 1, and the text
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RESULTS

Immunochemical Analyses of Hemolysates by Anti-
catalase I[mmunoelectrophoresis of hemolysates from
normal washed human erythrocytes showed the presence
of two components reacting with anticatalase (Figure 3).
Both migrated with the same mobility as that of purified
human erythrocyte catalase. The inner precipitin band
exhibited catalase activity with hydrogen perm(lde

while the outer band did not. The former, designated
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as the major catalase component in this paper is apparently
catalase itself, and the latter, designated as a minor
component, is a protein with serological specificity
analogous to the catalase molecule, but without enzyme
activity. Both components are found in erythrocytes but
not in serum, as shown in Figure 3.

On agar diffusion analysis, hemolysates again showed two
precipitin lines(ligure 4). However, in this case, the minor
component(inside) gave a rather faint precipitin reaction.

Analyses of Hypocatalasic and Aecatalasic Blood The
presence of the minor component was investigated in
hypocatalasic and acatalasic hemolysates possessing
diminished or no catalase activity. Figure 5 demonstrates
the results schematically. Although there was no enzy-
matic activity, the hemolysates from three acatalasics
{numbers 2, 3 and 4 in Figure 2) gave one precipitin
band corresponding to the minor component in the
normal hemolysates, while the hemolysates from two
presumed heterozygotes (numbers 1 and 5) contained
both major and minor components. Number 5, having
half normal catalase activity, showed a weaker precipitin
reaction at the position of the major component, wheréas
that of number 1 was somewhat stronger, in line with
the higher enzymatic activity.
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FIGURE 3 Immunoelectrophoresis of human erythrocyte hemolysates. Hj - hemolysate from erythrocytes washed once;
Hy - hemalysate from erythrocytes washed four times; serum - human serum; +« - antihuman erythrocyte
catalase in each trough. Precipitin line closest to well shows enzyme activity (major catalase component).
Longer precipitin line closer to trough is enzymatically inactive (minor catalase component).
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H, Hy

Serum
I i

Serum H,
L it H

FIGURE 4 Agar diffusion of human erythroeyte hemolysates. Hp - hemolysate from erythrocytes washed once;

[# 4

Hy -hemolysate from erythrocytes washed four times; serum - human serum; s-antihuman erythroeyte

catalase in central well. The major component in the outer precipitin line has catalase activity. The

minor component in the inner line has no catalase activity. Neither component is found in serum.
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FIGURE 5 Immunoelectrophoresis and agar diffusion analysis of normal, hypocatalasic and acatalasic hemolysates.

M - normal; 1,5 - presumed heterozygote; 2,3,4 - acatalasic; =-antihuman erythrocyte catalase. Immuno-
electrophoresis: Two precipitin lines (major and minor components) are seen for 1 and 5. Number 5 shows
faint major line consonant with reduced eryvthrocyte catalase activity. Numbers 2, 3 and 4 show only one
precipitin line (minor component). Agar diffusion: Inner hexagonal figure is the minor component and
exhibits no catalase activity. All six samples have this fraction. The normal and heterozyvgote hemolysates
also show a second precipitin line, the major component, with catalase activity. Fusion of major lines with
each other and minor lines with each other indicates immunological identity.
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Results of quantitative precipitin reactions carried out
with hypocatalasic and acatalasic hemolysates, are shown
in Table 1. For all three acatalasic hemolysates a
measurable amount of the specific precipitate was detect-
able, confirming the finding obtained by Ogata and
Takahara.” The precipitates did not exhibit any enzymatic
activity, however, in the two hypocatalasic specimens,
slightly more protein was precipitated with anticatalase
than expected on the basis of enzyme assay. The
additional amount of precipitate from the hypocatalasic
hemolysates are probably ascribable to the minor component
demonstrated above. However, in the normal hemolysates
the two values (quantitative precipitin and enzyme assay)
in Table 1 are equal, since, owing to a 40-fold reduction
in concentration by dilution prior to performing the
assay, the precipitate produced by the minor component
is probably relatively too low in concentration to be
accurately measured.
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TABLE 1 ASSAY OF HEMOLYSATES FROM HYPOCATALASIC AND ACATALASIC INDIVIDUALS
#l KA 7—¥HEUEHFF—-EEMBEDTH

-

Pedigree number

Catalase

Precipitin reaction

W A& h v - HigHE e 37
1 260 pg 265 pg

2 0 35

3 0 15

4 0 18

5 130 140

Normal i # 395 395

The values are expressed as pg per ml of hemolysate. Since there are no established criteria for purity of
the minor component, and no precipitin curve, the figures in the right hand column, for convenience in
comparison, were derived from the standard precipitin curve for catalase. Because the ratio of antigen
to antibody for the precipitate formed by minor component-anticatalase probably differs from that for the
active enzyme, these figures, particularly for the hypo- and acatalasic hemolysates, may be regarded only as
crude approximations of the amount of minor component actually present.
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FLOHEBRNSEIOT, IZUFRLAHE, BIEs s - FLEBEAFT - YOFMBIINTIL0R, &
REFOEROROLVALVDEMB LS ST XETHS.

Separation and Purification of the Minor Component
Fractionation with ammonium sulfate was first investigated.
From immunoelectrophoretic assay (Figure 6) of each
supernatant after addition of various concentrations of
the salt to hemolysates, it was concluded that the major
component, catalase, was precipitated at a concentration
as low as 25%, while the minor component remained in
solution. Agar diffusion tests, not shown here, confirmed
these findings.
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FIGURE & Immunoelectrophoresis of supernatant fractions from normal erythrocyte hemolysates after addition of am-

monium sulfate. «-Antihuman erythrocyte catalase.

Both major and minor components are present at 20 %

and 22.5% salt concentration. The major component has precipitated at 25% salt concentration, but the
minor component remains in solution to 30 %, although some has precipitated.
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A large quantity of normal hemolysate was treated with
ethanol and chloroform to remove hemoglobin, followed by
fractionation with ammonium sulfate at concentrations
between 25% and 40%. Most of the minor component
sedimented at the latter concentration. Further purifi-
cation was attained on DEAE-cellulose column equilibrated
with 0.01 M phosphate buffer, pH 7.0. Fractions eluted
with 0.02-0.05M NaCl added in stepwise increments to
the buffer were collected, concentrated and subjected to
Sephadex G-100 gel filtration. Two major fractions
absorbing at 280my, labeled as peaks A and B in
Figure 7, were obtained. Both reacted with anticatalase:
enzyme activity and absorption at 407 mg were found in
peak A but not in B substance. The material from
peaks A and B as well as a normal hemolysate were
analyzed by agar diffusion as shown in Figure 8. The
precipitin line formed by peak B substance reacting with
anticatalase fused completely with that produced by the
minor component from the hemolysate; similarly the
precipitin line of peak A substance fused with that of the
major component. This may be interpreted to indicate
that the substances in peaks A and B are probably
identical with the major and minor components respec-
tively and that neither contains appreciable amounts of
the other. The molecular weight of the minor component,
assuming it to be identical with the substance in peak B,
was estimated to be 40,000-60,000 from the position of
the latter on the elution chromogram. '°
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FIGURE 7 Separation of major and minor catalase components by Sephadex G-100 gel filtration. Peak A has catalase
activity, peak B has none. Hb: Hemoglobin chromogram under the same conditions as peaks A and B.
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FIGURE 8 Agar diffusion of peaks A and B. A -peak A; B -peak B; H- normal hemolysates; «-antihuman erythrocyte
catalase. Normal hemolysates produce two precipitin lines, the outer with catalase aetivity, the inner with
none. Material from peak A (Figure 7) produced only one line with catalase activity that fused with the
outer line of the normal hemolysates. Material from peak B produced a single line without catalase activity
that fused with the inner line from the normal hemolysates.
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FIGURE 9 Agar double diffusion analysis of catalase and the minor component obtained by ammonium sulfate fraction-
ation. '+-Antihuman erythrocyte catalase serum in the central well: C-Fraction containing only the active
enzyme; M-Fraction containing minor component and small quantity of active enzyme. The two lines from
well M, the outer formed by catalase-anticatalase precipitate and the inner by minor component-anticatalase,
have fused completely with the single precipitin line formed by catalase-anticatalase, from well C.
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Testing for an Immunological Relationship between
the Minor Component and Catalase By ammonium sul-
fate fractionation, as described above, two preparations
were obtained: One contained only native active catalase;
the other consisted of the minor component and a small
amount of active enzyme. Figure 9 shows schematically
the results of agar double diffusion testing against
anticatalase. A single precipitin line was formed by the
material containing only catalase, whereas two lines
formed from the material containing the minor component
and active catalase. The inner line from the mixture,
the product of the minor component and anticatalase,
has fused completely with the precipitin line formed by
catalase-anticatalase. The more rapid diffusion of the
minor component is an indication of its lower molecular
weight, a fact already demonstrated by Sephadex gel
filtration. More important, the complete fusion of the
minor component-anticatalase line with the catalase-
anticatalase line may be interpreted as evidence that the
two substances have a common immunological site
between them.

DISCUSSION

The present experiments have demonstrated in human
red blood cell hemolysates, a protein, which has some
antigenic properties in common with catalase, migrates
in an electrophoretic field with the same mobility
as catalase, but exhibits no activity with hydrogen

F BB Rl A ] 73‘—{.’

Pho THBELAdy s —F LR OER R M, *-thhoILizie b
. C—iEftEm BEH
b,

g 5
BT -y sy —YiohkaToehNlne:,

FEDE, M—RRESEVROGEBERE SO
/R S g S G T ROE - N
A E T —¥O 1A RIER e

LCon ¥ :

WEBRAEHETI—VORBEFHLEROBRE Ao
BEET v Eo v AL L-T, 280k34220%
HEEL 123 0 28575 —¥Daesgsk, M
O—FiEMENs LA BROFEELEEELEATVS. 7
By G —Hsd 55 ORK CHIGRR O ER
BIICE IR L. A F—FETEEATVATET
TR A L ATE AN, MERSLEHOMEL SO
SEIZE » T2 AOMA S, Z0BGIZETSAM
Nk, Thbh, MEESEMI I I -FlzhoTTE
bk, Ays—¥rlHAyI—-¥iokoTHELUEK
BHem2IIBET 2. MENTOREARE W Z &,
L7, Ty A SNERTY CICERERALE Y, %
OaFTRAEWZ EE2RT. S5 ICEELZ LI, @&
Wa—iA s 73 —X¥XnBrhss—¥—Hrs535
*%*ﬂﬁx,:mzowmﬁ il L R
VEL DD THI LRI TEZZ2ETHS.
Z =
SR OESROREE, v FEMBENLE R 7 -F &
RIGT 2MEXGEMLL. ZoERMAE, 295 —F
CHGE S MG E L b, BRAETHF T —X L
LLVEEEL L, BB AETEERTREY, N4

<

l'\"



peroxide, and appears to possess no heme group.
Its molecular weight is estimated to be 40,000-60,000
compared to about 250,000 for enzymatically active
ervthrocyte catalase. Heterogeneity in bovine and rat
liver catalase as well as in human erythrocyte catalase
has been reported by several investigators,'*'*! but the
minor component of the present study probably does not
fall into this category since it has no enzyme activity
and is considerably smaller in size than the active
isoenzymes described by others.

Higashi and Peters,’ who investigated various rat liver
cell fractions with anticatalase in agar gel, found a
component similar to the present one. In addition to the
predominant band common to all fractions and to purified
catalase, a second weaker precipitin band was obtained
consistently from microsomal extracts and often from the
soluble fraction. The protein in this second band was
soluble in 2.27 M ammonium sulfate at pH 6 and it did not
catalyze the decomposition of hydrogen peroxide. In
order to compare the antigenic identity of this liver
component with the present minor component in erythro-
cytes, agar diffusion tests were conducted as follows:
Human red cell hemolysates and human liver homogenates
against antihuman erythrocyte catalase; rat red cell
hemolysates and rat liver homogenates against antirat
liver catalase.

In all instances two precipitin bands appeared corre-
sponding to the major and minor components described
above. Moreover, within each species, both components
of one tissue fused with those of the other. Results
similar to these have been reported by Ito.*® This
evidence seems to indicate that the erythrocyte minor
component reported here is very similar to the second
component in liver and that all four (e.g.: Red cell
major and minor, and liver major and minor fractions)
have some antigenic properties in common, as Nishimura etal®
have shown for the active isoenzymes from human and
rat tissues.

The possibility that our minor component represents a
subunit of catalase deserves consideration in light of the
immunochemical evidence presented here showing that the
two moieties are not only immunologically related but also
strongly suggesting they have a common reacting site(or
sites). Other laboratories have obtained data suggesting
the existence of subunits, largely from studies of bovine
Thus, Saha et al®® using high urea
concentrations, obtained a fraction having a sedimentation
coefficient of 2.1S compared to that of 11.25 for the
fully active enzyme. Samejima and Shibata®! concluded
that the enzyme is made up of six units with a sedimen-
tation constant of 2S. Schroeder et al,? in a detailed

liver catalase.

10

BrfHLivwkiITad, 2onFREE, BEEED S
BFRMERS & 5 — ¥ o7 250,000 12%F LT, 40,0007
LE0,000T hH 2 EHEEENS. Y 38EUF 5 FIFA ¥
F—Fh eIz FRIMERA ¥ 7 - ¥ EHEFETO
HEEWD Lk THESLTWEY, bhbhoiMi
At EZELZOMBIZREVWLLZVTHS Y. L
A6, BREESL L, hoMREOHRE LTw 3R
HEOFTAVHALALENEZTORESHELLASVDLS
TH5.

Higashi # & (f Peters 8 |3, 7+ FIF#flm & 5 5yp 12
bhbhORFEZEMLALDEERLTWS, 5T
OSFES & U S & 7 — Y osE e TS A S
HEERIZ, B2 T 0BRSS roy— A
CEIZEB S, WEMESECE LIFLEE D sk
COF20E 52 5B AL, pH 6 2. 2TMERE 7~
T oY ABEHIZETET, BEE AR SRR L%
Vo ZONFMR S O EER R Rl Ro bbb O
MORER S & & Hlgd B i, TERS L NEERLS T F K
OEIFT L. Tabb, b FRMBERES £ U
EFFFEY A= MICA T A3 bARMERA YT -,
Ty PARMEBKEMHEE LUZ» FIFSEY A — 2T
ATy FIFAH ST —FTHSB.

wEFAOEAEIZY, iR ERg b & URERS 12
TEeAOEBERAE b, 20k, ZEHEIZ LV
T, —HOMECE A Bk EUMERSIZE DK
Fesfiz, bl o#liEo Ba & L ORI & 20
BN FhiiG LA, SHICHB LR AFIES ¢
WELTS., ZofRiE, Z ZIHE LARmEkom
BESHPIFM-ED AT 20l Icsbo THUL
THN, Thsdo(Fabb, RMkoEFEE LT
MRS, A5 TRIZATRE o 4 b & UTRCE ) 1,
VAN 4 Nishimura 6% e bbb L7 o FEEED> 5%
EEOTA V4 AlzoWTERLAEESIZ, b5
MOMEEASA 22 &Rt EMbRA.

ZZIERLEESIIZ, ZO2OORTAEVIIREZN
CHEEAE S ES D TL L, B RIEHME & 5 Tw
AE[HEE AT R W2 LiE, bhbhoEBERT Y, 745 —
Yo FoEmEfTtsd b I AHEEEEE T NETH
HIEFmY. MoOMEETE, FELT9YHA55 —
Y OWES L, KEREOHM L OTFAE & 7T 50
BETWVWS. k2, Saha 5P (3, HiREORES
w7, st iiblEs vy 5 —FoBEE#RHF11.2S th
BOIIALT, KBREHS21S o5EEFTwA, B
BHEUERY 2, COBBEOREI 6O, LIRS T
BY, kB EH2S THAEERERLE.

Schroeder 5%



analysis of the amino acid sequence of hovine liver
catalase, interpreted their evidence to indicate that the
enzyme molecule, weighing about 250,000 is made up of
three or four identical chains, in agreement with a
similar earlier conclusion. of Tanford and Lovrien.?®
Nishimura et al'® interpreted their immunoelectrophoretic
studies of highly purified rat erythrocyte catalase as
support for the subunit hypothesis, and suggested that
their three-component fraction consists of three pairs of
subunits, or Assuming a molecular
220,000-250,000 for catalase, their
subunit would have a molecular weight of about 37,000-
42,000, which is the same order of magnitude as the
estimated molecular weight of the minor component
reported here. Valentine,?’
studies of crystalline bovine liver catalase, has proposed
an ingenious model for the enzyme which is consistent
with much of the chemical and physical data previously
reported. His model consists of six subunits, four of

which contain an iron atom; each subunit has a molecular
weight of about 30,000-45,000.

six components.
weight between

on the basis of electron

So far, attempts using acid, alkaline or urea denaturation,
to induce dissociation of the intact enzyme into smaller
units retaining their immunological reactivity, have bheen
unsuccessful. These failures do not necessarily negate our
assumption that the minor component might be a subunit of
catalase; rather they demonstrate that the methods employed
here have compromised the structural integrity of the mole-

cule to the extent that it no longer reacts with anticatalase.

For the identification of the present study minor component
with any of the subunits alluded to above, however,
further specific structural analysis is required. Suffice it
to say that one may expect to find differences between
the liver and erythrocyte subunits reflecting the differences
between the fully constituted enzymes from the two
tissues. Higashi et al have reported that rat erythrocyte
catalase differs from liver catalase in the same species
in electrophoretic mobility, enzyme activity per unit of
protein or heme, heat stability, immunological specificity,
amino acid composition and the like. '®+*® Nishimura et al
have demonstrated differences between the two human
catalases by immunoelectrophoresis and sucrose gradient
centrifugation. '®

Another possibility for consideration is that the minor
component is a precursor of catalase; this does not
necessarily exclude the possibility that itis also a subunit,
as outlined above. Suggestive evidence for this from
studies of liver catalase is that the minor component is
found only in the microsomes, presumably sites of active

synthesis of the enzyme; further, microsomal catalase,
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precipitates of which with anticatalase include the minor
component, was most rapidly labelled with injected C-14

leucine. **

Should the minor component turn out to be a catalase
precursor, one might speculate further, with respect to
the genetic control of catalase synthesis, that the synthetic
gene for the apoenzyme is intact in the acatalasic, as
indicated by the presence of the ‘precursor.” In this
connection, Jensen and Hyde's recent report of the
recovery of crystalline ‘apocatalase’ from catalase deficient
bacteria may be pertinent.® At least two components
were thought to be present judging by sedimentation
constants; double diffusion assay against anticatalase and
‘antiapocatalase’ seemed to support the conclusion that the
‘apoenzymes’ were probably subunits of the intact enzyme
and though antigenically similar to it, not identical, a
finding with which observations for human erythrocyte
catalase by the authors of this report are in accord.

Aehi et al?! have demonstrated in acatalasic individuals,
studied with methods similar to the present study, a
small but measurable amount of residual enzyme activity,
about 0.1%-1.3% of normal. Erythrocyte hemolysates
purified by Sephadex G-100 gel filtration yielded fractions
that on Ouchterlony plates and immunoelectrophoretic
analysis reacted with anticatalase in a manner indis-
tinguishable from normal catalase and the precipitin lines
fused completely, indicating that the residual activity in
the Swiss acatalasic hemolysates is probably ascribable to
a protein similar if not identical with the enzyme of
normal individuals.* Purified protein from acatalasic
hemolysates reported here, on the other hand, though
reacting with anticatalase, does not do so in a manner
identical with purified catalase from normal individuals,
nor does it show any enzyme activity; rather it seems to
be an inactive subunit thereof. Takahara et al®® also
1solated a protein from acatalasic hemolysates that
migrated in the position of active catalase, showed no
enzyme activity, but precipitated with anticatalase in the
quantitative precipitin reaction similar to that employed in
experiments by the authors. Ogata and Takahara have
confirmed these findings.® Whether this fraction is
identical with the present minor component is not known.

Further, skin cell tissue culture lines from two acatalasic
individuals (numbers 3 and 4 in Figure 2) showed no
catalase activity, ** * in contrast to those of Aebi where
slight but definite activity was demonstrable in fibro-
blasts and lymphoepithelial tissue from their acatalasic
subject. *!
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Thus, on the basis of the presently available evidence,
acatalasic individuals reported here probably differ slightly
from the Swiss; though possibly ascribable to methodo-
logical differences, this does not seem to be the whole
explanation and there is little reason to doubt that the
demonstrated differences are real. That such differences
exist is not surprising in view of the heterogeneity of
normal catalase enzyme, '*"?! as well as of the acatalasic
trait itself. ¥ This in turn implies different genetic
mechanisms at play. Aebi et al®' postulate that the
genetic defect in their cases may be due to a ‘controller
gene' disease and not a structural gene deficiency.
Though the template for the enzyme is present, for some
reason, synthesis is blocked. In acatalasics of this
study, assuming that the minor component represents a
precursor of the intact enzyme and that the protein
found in the acatalasic hemolysates is similar, if not
identical with it, a different genetic mechanism seems
more likely. Though the template for the precursor is
apparently either intact or sufficiently similar to normal
to permit synthesis of the precursor, conversion to the
active enzyme does not follow. At least two alternative
explanations come to mind. First, the precursor, though
antigenically similar to normal could be structurally
different enough so that assembly of the defective subunits
into the larger ‘apocatalase’ molecule cannot occur.
Presumably a defect in only one of the three types of
subunits postulated by Valentine *” could bring about this
result. Here, obviously, we are dealing with a structural
gene defect. Alternatively, though the precursor subunits
are identical with those in the normocatalasic, a defective
‘coupling’ enzyme presumably required for joining the
subunits prior to addition of the prosthetic group, could
also account for the failure. In this connection it is of
some interest that Mizuhara reported an excess of
coproporphyrin in the urine of acatalasic patients. **
This suggests that the tetrapyrrole which would normally
join with the catalase apoenzyme is unable to do so and,
being in excess, is degraded along the usual metabolic
pathway for eventual excretion in the urine.

It is obvious from the foregoing that the relationship of
the minor component to the subunits of active enzyme
requires further intensive study. Only when the amino
acids of these substances have been accurately determined
and the sequences are fully known will some of the
intriguing puzzles encountered above be solved.

SUMMARY

Quantitative precipitin studies coupled with immuno -
chemical technics have identified in normal human
erythrocytes a minor component of catalase which,
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though reacting with rabbit antihuman catalase serum,
lacks enzyme activity. Hemolysates from presumed
carriers (heterozygotes) of the gene for acatalasia also
show the minor component, though the quantity of the
active enzyme itself is reduced. Preparations from
acatalasic (homozygotic) individuals contain only the minor
inactive component. Purification by Sephadex gel filtration
shows the minor component to have a molecular weight
about 1/6th of the fully constituted active enzyme. There
is no Soret absorption. The authors postulate the minor
component to be a subunit and/or precursor of catalase.
Based on these findings, a possible genetic interpretation
of the defect in human hereditary acatalasia is offered.
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