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                                   Abstract

   A sen$itive enzyme linked-immunosorbent assay (ELISA) for human erythrocytes catalase has

been deveioped at the first time by using polyclonal (rabbit) anti-human erythrocytes catalase.

This assay system consists of immobilizatien of an antibody on commercial immunoplate and of

conjugation of the antibody with a!kaline phosphatase. "Yhe assay for catalase has high sensitivity

and specificity, 5 fmol of catalase in erythrocytes is detectable. In addition, catalate in human

erythrocytes either fully or partially inactivated by enzyme inhibitor$ coulcl be revealed by the

EI.ISA.

Key Words: Enzyme immunoassay, catalase, human, erythrocytes.

Introduction

    Catalase (EC 1.11.1.6) is an enzyme which catalyzes the decomposition of

hydrogen peroxide to oxygen and water in the superoxide anion metabolic pathway

(Lal et al., 1980). Its biological role in £he erythrocyte seems to be the protection
of hemoglobin and cell components against oxidizing ageRts (Geerts and Roels, 1982).

Recently, £his enzyme has also received attention in the field of practical medlcine
in xelation to superoxide dlsmutase (SOD) (EC 1.15.1.1.). Catalase and SOD activities

iR normal healthy adulis and patients with cancer and othey various diseases have

been investigated in our laboratory (Saito et al. 1982; 1984; Kurasaki et ai. 1982;

1986; Kaji et al. !985). Contents of cata}ase in erythrocytes have been reported

by StaRsell and Deutsch (1966), Hartz et al. (1973) and Ben-Yoseph and Shapira

(l973). Their methods were similar to those of Mancini et al. (1965) which have

low sensitivlty and required too much time. In this paper, we describe a specific

ancl sensitive EUSA employing the sandwich method cleveloped by the use of anti-

catalase-alkaline phosphatase conjugates and polystyrene beads coated with anti-
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catalase antlbodies prepared from antisera against human erythrocyte catalase.

Materials aRd Metheds

Materials

    Human blood was purchased from the Hokkaido Red Cross Blood Centre.
Sephadex G-200 and Sepharose CL-4B were obtained from Pharmacia Fine Chemi-

cals. DEAE-cellulose (DE-52) was obtained from Whatman. ATTO Instyuments
(Tokyo) were employed for electrophoresis. Ultrafilters were products of Amicon

Corp. Nunc authorized immunoplates I were purchased from Nunc. Alkaline
phosphatase Lot No. P-2251 ancl BSA were obtained from Sigma. Freuno's com-

plete adjuvant was obtained from Difco. Other chemicals were prepared from

Nakarai Chemicals (Osaka)･.

Methods

Pttrivecation of hztman eirvthroc,yte catalase

    Purified catalase from human erythrocytes was obtained by our original method.

All purification procedures were carried out at 40C. Human blood was centrifuged

a£ 800xg for 20 min and the buffy coat and plasma were discarded. The cells
were washed three times with cold isotonic sodium chloride, and lyEed by the
addition of distjlled water. The hemolyzed erythrocytes were dialyzed against 10

mM sodium phosphate buffer, pH 7.0, and applied to a column (10cmxllcm)
containing DE-52 equilibrated with the dialysis buffer. The solution containing the

catalase activity was eluted batchwise with 50mM phosphate buffer, pE[ 6.85,

coRtaining 100mM NaCi. It was concentrated to 300 ml by ultrafiItration using

a PM 10 filter, and dialyzed against 10 mM phosphate buffey, pH 6.85. The dialysed

solution was rechromatographed with a DE-52 column (2.4cm ×76cm) and eluted
with a gradient from 10 mM phosphate buffer, pH 6.85, to 50 mM phosphate buffer

contaiRing 100mM NaCl and 100mM KCI, pH 6.85. Solicl ammonium su}phate
was added to the fractlons containing catalase until its concentration reached 35%

of saturation. The mixture was stirred for 120inin and ceRtrifuged at 8000xg

for 30 min. Further, solid ammonium sulphate was added to the supernatant solu-

tion containing catalase until its concentration reached 60% of saturation. The

mixture was stirrecl overnight and then centrifuged at 8500xg foy 40min. The

precipitate containing more than 60% of the catalase activity was resuspeRded in

100 mM phosphate buffer, pH 7.1. The concentrated catalase solution was appliecl

to a column (2.8 cm × 80 cm) of Sephadex G-200 equilibrated with 100 mM phosphate
buffer. pH 7.1. The elution pattern was shown in Fig. 1. The major peak frac-

tioRs with an absorbance at 408nm were concentrated.

Praparation qf antisera of hzema7t e7rvthroqytes catalase

    For raising antisera in rabbits, the purified catalase was injected subcutaneously

as a water-in-oil emulsion in Freund's complete adjuvant, and it was boosted 5

times. The amount of purified catalase used for immunizing the rabbits was 3.3 mg
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buffey (8 ml); O.1M Tris-Cl buffer, pH 8.0 (102ml) to break the activated sites by

cyanogen bromide, and finally PBS (10ml). The amount of human erythrocyte
catalase fixed to agarose derivative was 1.76 mg (about 88% yielcl).

Puri.fication qf anti-hze77zan eirvthroaytes catalase antibody

    Purification procedure was performed by an improved method of Karcher et

al. (1972>. The obtained antisera in rabbits were dialyzed against PBS. Solid

ammonium sulphate was added to the dialyzed solutioR until the ammonium sulphate

coRcentration reached 40% of saturation. The mixture was stirred at 40C for

3 hours and then centrifugecl at 8800xg for 30 min. The precipitate containing

nearly all of the IgG was resuspended in 10mM phosphate buffer, pH 6.8, and

dialyzecl with the same buffer.

    A column (1.2cm ×12vm) containing DE-52 was thoroughly equilibrated with
the above mentioned dialysis buffer. The solution containing IgG was pumped
through the column. IgG fraction containing anti-catalase antibodies did not bind

to DE-52 at the experimental conditions. The pass-through fractions were gathered

and dialyzed against PBS. The yield oi" the protein was about 75%.

Antige7z aLZ7ini4y colt,e7nn

    The dialyzed solution centaining anti-catalase antibodies was applied to a human

erythrocytes catalase binding CNBr-Sepharose CL-4B column. The column was
washed with 30 rnl of PBS. Anti-catalase antibodies were eluted from the column

using 3 M Potasium thiocyanate. Fractions were collected and dialyzed against PBS.

After antigen athnity column chromatography, the observed activity of the anti-

catalase antibody was about 10 fold that of DE-52 fraction.

Praparation qf a7iti-catalase antibodo -alkaline phosphatase conjugate

    The procedure was as described by the method of Van Weerr}en and Schuurs

(1974) with some modifications. The mixture of nine hundred yg of the purified

anticatalase-antibocly in PBS and 1500 units of a}kaline phosphatase in 3M ammo-

nium sulphate were dialyzed against PBS to remove ammonium sulphate. Five
ul of 25% glutaraldehyde were adcled to O.45ml of the dialyzed solution and

the mixture was incubated for one hour at 250C and for 15 hours at 40C. Un-

reacted glutaralclehyde was removed by dialysis with O.1 M Tris-Cl buffer, pH 7.5.

The conjugate was diluted with EUSA buffer (PBS coRtaining O.5% BSA, O.05%

Tween 20 and O.02% sodium azide) of 5.4ml, glycerol of 6ml and magnesium
chloride of 2mg, and stored at -200C until examination.

Assay qf catalase content

    The assay method was carried out by sandwich method (Belanger et al. 1973>.

The purified anti-catalase antibody of 1-O.05 ptg in 100 yl of O.1 M phosphate buffer

containing O.5% BSA, pH 8.0, was coated in each well of Nunc authorized im-

munoplate I. The plate was incubated at 40C for 16 hours to 2 weeks or at
-800C for 6 weeks. Each well was washed three times with PBS containing
O.05% Tween 20. Appropriate dilutions of the purified catalase and erythrocyte
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lysate with EILISA buffer were put in each well and incubateC{ at 37"C for 1-4

hours. Each well was washed three times with PBS. One hundrecl pt1 of dilution

conjugates (IO-1000 fold) with ELISA buffer was added to each wel} and incubated

at 370C for 1-4 hours. These wells were washed with PBS four tlmes. Two
huRdred pt1 of 2.5mM p-nitropheny} phosphate in O.1M carbonate buffer, pH 9.8,

was added to each wel! and incubated at 37eC for 15-30 miR. The reaction mixtures

were diluted with the same buffer and their absorbances were measured at 405

nm with a Hitachi Model 200-20 Spectrophotometer.

Assay qf' catalase actiwitbl

    Assay of catalase activity was performed by the rnethod of Sinha (1972>. The

assay mixture coRsisted of 500pt1 of 10mM phosphate buffer pH 7.0, 100pt1 of

enzyme fraction and 400 gl of O.2 M H202. The enzyme reaction was run at 250C.

Two ml of dichrornate/acetic acid reagents was rapidly added to the reaction

mixture and heated at 1000C for 10 min. After cooling, absorbance was rneasured

at 570 nm with the spectrophotometer,

CZzlculation of Catalase actiwity

    The velocity constant, K, was calculated from the first order reaction;

        K :1/t log Sb!S

where Sb is the initial amount of H202 and S is the amount of H202 at t min.

The value of K(O) was calculated according to Ishikawa (i964-) as follows:

Kat.f=:K(O>!mg protein

Protei7t assay

    Protein concentrations were determined by the method of Lowry et al. (1951).

Analyt'ical polyacirvla7nide gel electrophoresis

    Samples were electrophoresed on polyacrylamide disc gels at a constant current

of 2mA!gel in a pH 8.1 TrislHCI buffer system. Protein was stained with Co-

omassie briiliant blue G-250 in 10% methanol by the method of Blackesly and
Boezi (1977).

b"on determinat'ion

    Iron concentratioR was determined wi#h a Hitachi Atomic Absorption Spec-

trophotometer, Model 207.

Results and Discussions

Pz{ri.fication of catalase .from hu7nan er ythrocytes

    Table 1 summarizes the purification of catalase from 500 ml of packed eryth-

rocytes. The enzyme was purified approximately 1200-fold. It appearecl to be

homogeneous by judging from yielding a single bancl on polyacrylamide disc gel

electrophoresis at pH 8.1. A ratio of absorbance at 280 nm per 405nm was O.805.

It is coRsistent with the reports of Saha et al. (1964), and Stansell and Deutsch
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Table 1. ?urification of catalase from human erythrocyte. rlrhe results

        in the table represent typical, value for purification of the

        enzyme from 500 ml of human bl,ood.

step
volume totalprotein specificactivity fold
 (ml) .(mg).. .(,K(9).III,}.g..,g.k.IIotgin.2...,

yield

.(,2Ci)

hemolysis

DE-52 lst

Il)E-52 2nc{

60%<NH'4)2S04PPt

Sephadex-G 200

1,oeo

1,300

 350

  88

lron

was

 ;

by
is

158,OOO

 3,900

  577.5

  50

  41

  21
  850

4,842

18,791

25,274

  40

 231

 895

1,2e4

100

99.9

84.3

28.3

 31.2

(1965).Concentrationof inourpurlfiedcatalasewasILtg/mgofprotein.
Aratioofiron!catalase about1/1000.Thisironcontent(O.1%)inthis
investigation was in agreement with that, O.098%, determined by other workers

(Stansell and Deutsch, 1965 Bonnichen, 1947>. The hemin concentration calculated

on the basis of above mentioned iron content was 1.13%. CI"he value was the same

as the content indicated Stansell and Deutsch (1965). These results suggest
that erythrocytes catalase completely purified by our method.

Antisera

    All rabbits immunized with the human erythrocyte catalase produced antisera

against catalase. One serum with the highest titer was chosen for purification of

anticatalase-antibodies, and used for ELISA of catalase. The purified antibodies

had high sensitivity and specificity compared with the antisera, since the antibodies

were passe(l through an antigen (catalase) aflinity column.

Detennination of assay conditions

    The dependency of the quantity of the purified anti-catalase antibody pre-coated

in each well of an immunoplate was indicated Figure 2. In our assay procedure,

more than 500 ng of antibodies pre-coated in a well was enough to bind the antigen

of samples. One ng of the antibocly was used for our ELISA. The pre-coated
immunoplates were incubated at 37eC for 1-2 hours, at 40C for 16 hours-2 weeks

and at -800C for 6 weeks (Figure 3). It was observed that the obtained standard

curves were independent of the incubation time at this pre-coated step. The coated

antibodies were stable at -800C for 1.5 months and 40C for O.5 month. Large
numbers of pre-coated plates were able to prepared and stored until examina{ions

to simplify the procedure. The optimum incubation time for reactions of antibodies

with antigen samples were 2 hours (Figure 4a and b), the desired dilution of

conjugates with ELISA buffer was 100-fold (data notshown). The assay conditions

for all<aline phosphatase employed 2.5mM p-nitrophenyl phosphate in O.1M car-

bonate buffer, pH 9.8 and 370C at an ineubation time of 30 min (data not shown).

,SZandard czcrwes

    A typical standard curve of the ELISA was shown in Figure 5. The minimtim
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         Figure 5. Standard curves for ELISA of catalase. The immunoassay was
                   performed as described under "Figure 3".

Application of the ELZSA to human erb,throclytes

    It is well known that sodium azide, aminotriazole and heat treatment inhibit

catalase activity (Bkuyan and BhuyaR, 1977; Palcic and Duniord, 1981). In Figure

6-8, the effect of ,these inhibitors on the assay of catalase contents and activities

was shown. Only after the heat treatment for samples containing the enzyme,
catalase contents were not detected and its activities were abolishecl (Figure 6).

These results seem to be caused by the deRature of the enzyme. The other in-

hibitors had no effect on its contents although they inhibited enzyme as expected.

Sodium azide, which was used in our ELISA assay system for preservation of the

buffer containing BSA against decay, was observed to have no effect on this assay
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detected, and that

It has been reported

erythrocytes catalase

It is determined that

inactive form by

is applicable to studies

    Direct measurements
erythrocyte fractions

whole blood by centrifugation

5000-fold with the

value was 2.37pgfmg
of haemoglobin)

per mg of erythrocytes)

of haemoglobin)

erythrocyte catalase

similar to, or slightly

ELISA for catalase

of its performance.

be rapidly examined

physiological and

Axen, R. and Ernbacl<,

   polysaccharide

t'"`'

pm
=v.co-aoo
co
co
cr

o-v
o

         none O.l l 10 IOO
      Aminotriazole concentration (mM)

 Inliibitory effects of aminotriazole on catalase activity and content.

 Activity (e-e) and content (O･･･o) are expressed. Aminotriazole

 was added to samples and they were preincubated for 30 min at
 250C, then assayed by the twe methocls were describecl in the text.

   These results suggest that inactive forms of the enzyme may be

 the levels remain constant independent of enzymatic inactivation.

    that in various diseases, such as acatalasemia and leul<emia,

    presents partial activity (Saito et al., 1984; Ogata et al., 1975).

    deficiency of catalase is caused by whether its low contents or

the ELISA. Thus the describecl ELISA for catalase determination

      of enzyme concentration in clinical situations.

        of catalase contents by the ELISA were carried out on

    in human blood. Human erythrocytes were separated from
             and washing. These samples were diluted 2500 to

  ELISA buffer. The results were shown in Table 2. The mean

     of Hb. This value was higher than that (1.95ptg per mg

determined by Ben-Yoseph and Shapira (1966), or that (O.78geg

       reported by Hartz et al. (1973), or that (1.37ptg per mg

measured by Stansell and Deutsch (1966>. In this paper, the
   Ievel which might be due to high sensitivity of the ELISA was

    higher than, the reported levels. One main advantage of this

  developed for the first tlme in our laboratory is the simplicity

    A comparatively large number of erythrocytes samples can
   by this simple technique, and the content of catalase in various

pathological conditions are revealed.
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