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Min-Jung Jang
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Pukyong National University

A bstract

Catalase is a characteristic enzyme of peroxisomes, where this
enzyme is the most abundant protein. This enzyme is widely
distributed in a variety of life forms, including animal, plants, and
microprobes and usually only absent from stictly anaerobic organism.
Catalase plays an important role in removing toxic hydrogen peroxide
in the cell. In this study catalase was isolated from liver of bullfrog,
Rana catesbianan Shaw, and enzymatic properties were investigated.

The catalase was purified by ammonium sulfate precipitation, anion



exchange chromatography (DEAE- Sephadex A-50, DEAE- Sephcel) and
gel filtration (Sephadex G- 150, Sephacryl S- 300)column
chromatography. The molecular weight of the purified catalase as
estimated by gel chromatography on the Sephadex G-150 was
approximately 186 kDa. However, the estimated molecular weight of
catalase on SDS-PAGE was 47.7 kDa. Then, it is supposed to be a
tetramer composed of four identical subunits. The purified enzyme was
stable in the pH range of 6.0 to 10.0 and the enzyme was stable up to
50 but rapidly became inactive at temperatures over 60 . The
enzyme showed its maximum absorption at 408 nm. The activity was

markedly inhibited by KCN, NaNs: and Hydroxyamine.



Catalase , catalase
hydrogen peroxide oxidoreductase EC 11116

Catalase , )

(2H202 - 2H.0 + Oz)

(formic acid) (H:0: +.

AH: - 2H:0 + A). Catalase 1 1 500
catalase
(peroxidase)
catalase

95% (respiratory
chain) (H:0)
( 3 5%)

ferredoxins hemeproteins



superoxide radical (0. )

(hydrogen peroxides, H:02) (O + 0O +2H" 5 H:0:

+ O). H-O:
hydroxyl radical(HO: ) (H:0: + Fe( ) -
HO + HO- + Fe( )). (hydrogen peroxide

species, ROS) superoxide radical hydroxyl radical ,
(Halliwell , 1989),

(homeotasis) (Jakoby ,

1980 ; Oleinik, Sunderman, 1996 ; Nelson, 1995). DNA

(Hamilton- Koch , 1986 ; Oleinik

, 1987), ,
(Kator, 1996 ; Schwarz, 1996).
, SOD
O - H:0: (McCord , 1969 ; Fridovich, 1975).
H:0: cytochrome system

heme intracellular catalase
(Schonbaum , 1976)

1948 catalase (Takahara , 1948),
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catalase

0.001% -

Catalase 1910 Wolff  Stoecklin
catalase 1937 (Sumner , 1937),
Sumner (1941) (Sumner
, 1937), (Agner , 1943), (Herbert , 1948),
(Dounce , 1942), , , (Nicholls , 1963),
(Jacab 1979) catalase . Catalase
80
, mutant
catalase ,
200,000 300,000
daltons 4 subunits ,
subunits 55,000 68,000 daltons
subunit ferric form protoheme group
‘heme catalase’ catalase
heme (manganase)

‘Mn catalase

Catalase glucose oxidase, galactosidase, xanthine osidase



glucose oxidase

] ] H 202

catalase ,
. Catalase
catalase
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, , catalase
catalase
catalase H:0: (Paniker , 1965)
catalase (Lange , 1974), catalase
(Alonso-Bedate , 1985) catalase
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(Rana catesbeiana shaw)

04 )

Sigma Chemical Co. (St. Louis, MO, USA)
DEAE-Sephadex A-50, Sephadex G-150, Sephacryl S-300
Amersham Pharmacia Biotech Ltd. (Little Chalfont, Buckes, UK)
DEAE- Sephacel , (Molecular weight cut off,
MWCO 10,000) Sartorious Co. (Goettingen, Germany)
Bio-Rad Co. (Hercules, CA, USA) miniprotan ® gel
electrophoresis system . marker protein, SDS
marker protein, sodium dodecyl sulfate(SDS), bovine serum albumin

Sigma chemical Co. (St. Louis, MO, USA)



400g 5 mM CaCl. 10 mM Tris-HCI (pH
74) 1600 ml (ACE homogenizer AM-6) 13,000 rpm 2
2 . (Hanil Mega 17R) 4
7,690 x 10 ,
20%(V/V) ccCl. 4 30 ,
(7690 x , 10 min) , catalase (crude
enzyme)
2-2. Catalase
Fig. 1 ,
20 80% ammonium sulfate , (7690 x , 15
min) 10 mM Tris-HCI (pH 8.0, A
) 24 (Semi- permeable
membrane : M.W. 12,000 14,000 cut- off)
A DEAE- Sephadex
A-50 (o 38x 40 )
, A NaCl 0 10 M
( : 08 ml/min, : 48 ml)
catalase

50 mM Tris-HCI

) . B

(pH 7.0, B



Mi
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S
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P
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Co

nced tissue

Homogenization with 4 vol, of 10 mM Tris-HCI buffer pH 7.4 contaning 5 mM CaCl..
Centrifugation at 7,690 x for 10 min.

pernatant

Removal remained lipid with 20%(v/v) of carbontetra choride.

Centrifugation at 7,690 x for 10 min.

pernatant (Crude extract)

Salting out with (NH:).SO. in 20 80% saturation range.

Centrifugation at 7,690 x for 15 min.

ecipitate

Dialysis against 10 mM Tris-HCI buffer(pH 8.0).

DEAE- Sephadex A-50 column(g 38x 40 ) chromatography by liner gradient elution of
0 10 M NaCl in 10 mM Tris-HCI buffer(pH 8.0).

Combining of the active fractions and concentration with ultrafilter(MWCO 10,000).
Dialysis against 50 mM Tris-HCI buffer (pH 7.0).

ncentrae

Sephadex G-150 column(g 25x 100 ) chromatography with 50 mM Tris-HCI
buffer (pH 7.0).

Elution with the same buffer.

Co

Co

Combining of the active fractions and concentration with ultrafilter(MWCO 10,000).
ncentrate
DEAE- Sephacel column(g 3.8x 40 ) chromatography by liner gradient elution of 0 1.0
M NaCl in 10 mM Tris-HCI buffer (pH 8.0).
Combining of the active fractions and concentration with ultrafilter(MWCO 10,000).
Dialysis against 50 mM Tris-HCI buffer (pH 7.0).
ncentrate
Sephacryl S-300 column(g 25x 100 ) chromatography with 50 mM Tris-HCI
buffer (pH 7.0).
Elution with the same buffer.
Combining of the active fractions and concentration with ultrafilter(MWCO 10,000).

Pu

rified catalase

Fig. 1. Scheme of purification procedure for the catalase from liver

of bullfrog.



Sephadex G- 150 (@ 25x 100 ) B 0.3 ml/min

5 mi
DEAE- Sephacel (o 38x 40 ) , A
NaCl 0 10 M (
1 mi/min, 5 ml).
B
B Sephacryl S-300 (@ 25x 100 )
( : 1 mli/min, 5 ml)
catalase ,
-4
2-3. Catalase
Catalase Beers(1952) Abei(1974) catalase
H-0:(hydrogen peroxide) .
06 m 25 ( ) 5 30 mM H:0: 0.3 ml

240 nm(s 240nm = 194 M'lcm'l) H-0:
10 1 . 25 ,pH 70 1

1pmol H:0. 1 unit 1 mg



2-4.

0.5%

Bovine serum albumin Lowry  (1951)
03 m 01N
NaOH 2% NaCOs 1% potassium sodium tartrate
CuSOs- 5H.0 50 : 1 (v/iv) 36 ml 20
Folin-reagent 0.3 ml 30 660 nm
280 nm
2-5. Catalase
2-5-1.
catalase  subunit Laemmli(1970)
subunit SDS-PAGE(0.1% SDS
125% polyacrylamide gel) 2% SDS catalase
SDS-marker protein slab gel (6x 8 ) 0.1% SDS
025 M Tris-0.192 M glycine (pH 8.3) well

2

mA . 0.1% Coomassie Blue G- 250,



45% methanol/ 10% glacial acetic acid

10% acetic acid 0.005% Coomassie Blue G-250/6%
perchloric acid . SDS-marker protein SDS
catalase , Subunit
2-5-2.

Andrews  (1970)
, 50 mM sodium phosphate (pH 7.0) Sephadex
G- 150 (@ 25x 100 ) catalase
(Aproferritin  : MW 443 kDa, B -Amylase : MW 20 kDa, Alcohol
dehydrogenase : 15 kDa, Bovine serum albumin : MW 66 kDa)
( : 0.3ml/min,

4.8ml) (Ve) Dblue dextran (Vo)

2-6. Catalase

2-6-1. pH

50 mM Glycine-HCl (pH 3.0), 50 mM Sodium acetate



(pH 40 5.0), 50 mM Sodium phosphate (pH 60 8.0), 50

mM Glycine- NaOH (pH 9.0 10.0) ,
25 1
pH pH
2-6-2.
30 80 10 30

, 25 15 ,

2-6-3.
catalase , 15 mM, 30

mM, 50 mM, 75 mM, 100 mM, 125 mM, 150 mM H-0:
2-6-4.

visible, ultraviolet absorption spectra  spectrophotometer

10 mM KCN



2-6-5.

catalase
potassium cyanide(KCN), EDTA, cystein, soidum azide, hydroxyamin
10 mM ,

25 10



1. Catalase

Catalase Fig. 1 . ., 5
mM CaCl. 10 mM Tris-HCI (pH 74) 4

(7,690 , 10 min) ,

20 80% ammonium sulfate . 10 mM
Tris-HCI (pH 8.0) DEAE- Sephadex A-50 (o 3.8x
40 ) , 0 10
M NaCl/10 mM Tris-HCI (pH 8.0)

( : 08 ml/min, 48 ml) , 280
nm catalase Fig. 2
(Az2s0) catalase 03 04 M NaCl

DEAE- Sephadex A -50 50 mM Tris-HCI

(pH 7.0) 300,000 5,000 Da
Sephadex G- 150 (g 25x 100 ) ( : 3 ml/min
5 ml) Fig. 3

DEAE- Sephacel (2 38x 40 )

10 mM Tris-HCl (pH 8.0) NaCl



Fig.

Aosorbance at 280nm

10+ 30 12
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Chromatogram of DEAE-Sephadex A-50 column(3.8
40 cm) chromatography of the ammonium sulfate
saturation in the range of 20% to 80%. The
column was eluted with 10 mM Tris-HCI buffer, pH 8.0
and then a linear gradient of 0 1.0 M NaCl in the
same buffer. Flow rate and fraction volume was 4.8 ml
and 0.8 ml/min respectively.
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Fig. 3. Sephadex G-150 gel filtration chromatography of the
partially purified catalase from liver of bullfrog. The
active fractions from ion exchange chromatography was
applied to Sephadex G-150 gel column(25x 100 cm)
equilibrated with 50 mM Tris-HCI buffer, pH 7.0 and
eluted with the same buffer. Each fraction containig of
5 ml were collected at a flow rate of 0.3 ml/min.



0 10 M
5 ml) Fig. 4
Tris-HCI (pH 7.0)
(pH 7.0)
) (
catalase
(Fig. 5). catalase
catalase
Table 1
2.26
2
55.72
Sephacryl S-300
unitsmg 7357
K ouichi (2000) catalase

36,720.0 units/'mg
catalase 64220 unitsmg
(Nany , 1994).

54 32 %

( 1 ml/min,
. 05 M NaCl
50 mM

, 50 mM Tris-HCI

Sephacryl S-300 (@ 25x 100
1 ml/min, 5 ml)
SDS-PAGE

.20 80%

, DEAE- Sephadex A-50

26.95

47253 unitsmg

623.92
0.25%
5.8% 147 .6
, Halobacteria
catalase 83 units'mg

(Garcia
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Fig. 4. Rechromatogram of the catalase fraction pooled from
Sephadex G-150  column chromatography. The
column(3.8x 40 cm) was eluted with 10 mM Tris-HCI
buffer, pH 80 and then a linear gradient of 0 10 M
NaCl in the same buffer. Flow rate and fraction volume
was 5 ml and 1 ml/min respectively.
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Fig. 5. Sephacryl S-300 gel filtration rechromatography of
catalase from liver of bullfrog. The active fractions
from after ion exchange chromatography was applied
to Sephacryl S-300 column (25% 100 cm). The column
was eluted with 50 mM Tris-HCI buffer, pH 7.0.
Fractions of 5 ml each were collected at flow rate of 1
ml/min.



Table 1. Purification of catalase from liver of bullfrog.

Specific

. Total protein Tota activity o Purification Yield
Purification step ) activity
(mg/ ml) (units) . (fold) (%)
(units/ mg)
Crude enzyme 10,123.93 85,850.92 8.48 1 100
Ammonium
1,124.93 2156491 19.17 2.26 25.12
sulfate
DEAE- Sephadex
55.37 12,652.05 228.50 26.95 14.73
A-50
Sephadex G- 150 8.53 2,892.18 339.06 39.98 337
DEAE- Sephacel 153 72297 47253 55.72 0.84

Sephacryl S-300 0.34 212.13 623.92 7357 0.25




, 2000).

2. Catalase

catalase subunit
SDS-PAGE Sephdex G- 150 . Fig. 6
125% SDS-PAGE band
, marker protein fumarase (MW : 586 kDa), egg

albumin (MW : 45 kDa), pepsin (MW : 347 kDa), trypsinogen (MW : 24

kDa) 477 kDa
Sephadex G- 150 catalase Fig. 7
. Marker protein Aproferritin (MW 443 kDa), B -Amylase

(MW 20 kDa), Alcohol dehydrogenase (15 kDa), Bovine serum abumin (MW

66 kDa) , catalase 186 kDa SDS-PAGE
4 ,
catalase 47.7 kDa  subunit 4 homotetrameric

catalase (tanford , 1962 ;

Sund , 1967), Kouichi  (2000) catalase
230 kDa

SDS-PAGE 63 kDa 4 subunit
homotetrameric , Clyate (1959) Rhodabacter sphaeroides

catalase 232 kDa homotetrameric



kDa Lanel Lane?

58.6

47.7 kDa
45

34.7

24

Fig. 6. 125% SDS-polyacrylamide gel electrophoresis of the
purified catalsae from live of bullfrog. Lane 1 : Marker
proteins ; fumarase (58.6 kDa), egg albumin (45 kDa),
pepsin (34.7 kDa), trypsinogen (24 kDa). Lane 2

subunit of catalase (47.7kDa)
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56 +

54 -
urified catalase
% 52 | aloohol dehydrogemase
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- |
|
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|
|
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I
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12 14 16 18 20 o0 2.4 26
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Fig. 7. Estimation of molecular weight of the bullfrog catalase by
gel filtration with Sephadex G-150 column (2.5%x 100 cm).
Fractions of 4.8 ml eachwere collected at a flow rate 0.3
ml/min. Molecular weight standards : aproferritin(443 kDa),
B -amylase(200 kDa), alcohol dehydrogenase(150 kDa),
bovine serum albumin(66 kDa).



. s , catalase 4 subunit

(Roger , 1972).

3. Catalase
3-1. pH
catalase pH
25 1 pH
: pH 6
Fig. 8 . catalase pH 6 10 80%
, pH 6
catalase pH
(Schonbaum , 1976), Halobacteria catalase
pH 7 pH pH 7
(Nancy , 1995),
Rhodospirillaceae  catalase pH 6 10
pH 6
(Detlef , 1998). catalase pH 6 10

pH



Relative activity (%)

=

Fig.

120

100

3

2

pH

8. Effect of pH on the activity of purified catalase

from bullfrog liver. Buffer system used were
glycine/HCI (50 mM, pH 3.0); sodium acetate (50 mM,
pH 4.0-5.0); sodium phosphate (50 mM, pH 6.0-8.0);
glycine/NaOH (50 mM, pH 9.0-100). The reaction
mixtures were incubated at 25 for 1 hr.



3-2.

catalase 30 80
30 50
, 60
catalase 65
, Asp. niger

85%
catalase 60

catalase

3- 3.

catalase

15 mM 150 mM

100 mM

10

90%

Fig. 9

catalase

70%

(Flg 10) H-0O:

catalase

(Scott

60

, 1960).

H:0:

. H202

H:0:

, H202

15 mM

30

. Fig. 9

H:0:

100 mM
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Fig. 9. Effect of temperature on the activity of purified
catalase from bullfrog liver.
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Fig. 10. Effect of hydrogen peroxide concentration on the purified
bullfrog catalase activity.
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Fig. 11. Lineweaver-Burk plot of the bullfrog catalase. Initial
velocity was plottedas a function of substrate(hydrogen
peroxide) concentration.



Michaelis- M enten

(Fig.

11). Km 20 mM , Vmax 5191 U/mg
3-4.
catalase Fig 12
408 nm Soret band , band 10
mM cyanide 417 nm
catalase (Hochman

, 1987 ; Goldberg , 1989),

heme catalase

3-5.

soidum azide, hydroxyamin

catalase

heme prosthetic group
catalase heme
(A 406/A 280) 054

heme

catalase

potassium cyanide, EDTA, cystein,

Table 2

soidum azide, hydroxyamin,



Absorbance

0 T
300 400 500 600

Wavelength (nm)

Fig. 12. UV -Visible absorption spectra of the purified bullfrog
catalase. The spectrum of the native enzyme(A) and that of the
enzyme(B) in the presence of 10 mM CN" were shown.



T able 2. Effect of various reagents on the catalase activity.

Reagent Relative activity (%)
None 100
EDTA 96
KCN 38
Cystein 80
Hydroxyamine 14
NaNs 22

The concentration of each reagents in the assay mixture
was 1.0 mM.



potassium cyanide

(Masayu ki , 1999 ; Anke 2001),



catalase

, catalase

catalase 7357 , 62392
units/mg
. SDS-PAGE Sephadex G- 150
catalase 186 kDa , subunit

homotetrameric

catalase pH pH 6 pH 10
pH
catalase 30 50 90%
, 60
catalase 10 mM 100 mM
100 mM
catalase  408nm Soret band heme

054

catalas KCN, NaNs, Hydroxyamine
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