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Ascorbate Peroxidase and Catalase from Pinus Pollen
Itiro HURUYA, Toru FUNAGUMA and Akira HARA

Laboratory of Biological Chemistry, Faculty of Agriculture, Meijo University,
Shiogamaguchi, Tempaku-ku, Nagoya 468, Japan

Ascorbate peroxidase in the extracts from Pinus pollen was purified to
homogeneity by means of protamine treatment, anion exchange chromatography,
affinity chromatography, and gel-filtration. Purified ascorbate peroxidase was a
monomer with a molecular mass of 28-29kDa, as determined by gel filtration
and SDS-polyacrylamide gel electrophoresis. The enzyme activity was inhibited
by thiol reagents, KCN, and NaN;. Guaiacol, pyrogallol, and pyrocatechol
functioned as substrates for the enzyme.

Catalase in the extracts from Pinus pollen was also purified to homogeneity by
means of protamine treatment, salting-out, hydrophobic interaction chromato-
graphy, and gel-filtration. Purified catalase had a molecular mass of 225 kDa
and consisted of four subunits, as determined by gel filtration and SDS-poly-
acrylamide gel electrophoresis. The enzyme activity was inhibited by KCN,

NaNs, and 2-mercaptoethanol.

Key words: Ascorbate peroxidase, Catalase, Hydrogen peroxide, Active oxygen

scavenger, Pinus pollen.
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Fig. 1. Elution pattern of Pinus pollen APX on a TSK-GEL DEAE- 3 SW
column following HiLoad 26,760 Sephacryl S-200 HR column chromatography.

For the conditions of chromatography, see Materials and Methods. Fractions

of 1.5ml were colected. —O—— APX activity ;— @

, NaCl concentration.

absorbance at 280nm;

’

Table 1. Summary of purification of APX from Pinus pollen

Volume Activity Protein Specific Yield
Step activity
(m1) (units) (mg) (units/mg) (%)
Crude extract 118.0 1,298 321.1 4.042 100.0
Protamine 136.0 1,360 227.7 5.973 104.8
DEAE-Cellulose 26.8 1,070 9.255 115.6 82.4
AsA-Sepharose 11.4 850 1.573 943.5 65.9
Sephacry S-200 10.0 497 0.220 2,259 38.3
DEAE- 3 SW 2.6 412 0.164 2,512 31.7
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Fig. 2. Native- and SDS-polyacrylamide gel electrophoresis of purified APX
from Pinus pollen. Purified APX was stained for protein (A) or APX
activity (B) after run on a native-polyacrylamide gel, and stained for protein
after run on a SDS-polyacrylamide gel (C). Molecular weight markers (a,
ovalbumin, 43kDa; b, carbonic anhydrase,30kDa; ¢, soybean trypsin inhibitor,
20.1kDa; d, a-lactalbumin, 14.4 kDa).

Table 2. Properties of APX from Pinus pollen

(A) Molecular mass

Gel-filtration SDS-PAGE
28 kDa 29 kDa
(B) Specificity for electron donors
Donor Relative activity
H.0. 0.2 mM 2mM
Ascorbate 100 120
GSH 0
Cytc 0
NADH 0
NADPH 0
Pyrocatechol 0.08
Guaiacol 2
Pyrogallol 50 140
(C)  Effect of inhibitor on APX activity
Inhibitor (1 mM) Relative activity
None 100
KCN 0
NaN 0
N-Ethylmaleimide 90
lodoacetate 50
p-Chloromercuribenzoate 0

5, 5’ -Dithiobis ( 2 -nitrobenzoate) 0
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Fig. 3. (A) Effect of pH on the activity of Pinus pollen APX. Activity was
measured in the standard assay method except that the indicated buffers were
used. (B) Effect of pH on the stability of Pinus pollen APX. Activity was
measured in the standard assay method after the enzyme was incubated for 24
hours at 5 °C in the indicated buffers. O, Sodium acetate buffer; 4, Potassium

phosphate buffer.
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Fig. 4. Elution pattern of Pinus pollen catalase on a HiLoad 26 /60 Superdex
200 pg column following TSKgel Phenyl-TOYOPEARL 650M column hydro-
phobic interaction chromatography. For the conditions of chromatography,
see Materials and Methods. Fractions of 3 ml were collected. —O——, catal

ase activity; —@——, absorbance at 280 nm.
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Table 3. Summary of purification of catalase from Pinus pollen

Volume Activity Protein Specific Yield
Step activity
(ml) (units) (mg) (units/mg) (%)
Crude extract 66.0 19,043 239.6 79.5 100.0
Protamine 76.0 16,944 135.3 125.2 89.0
Ammonium sulfate 30.0 22,131 ND ND 116.0
Phenyl-TOYOPEARL 36.0 15,934 ND ND 83.7
Superdex 200 10.0 11,656 0.142 82,085 61.2
ND, not determined.
(A) (B) (C)
i Y (_)
} ~ b
-~ (
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Fig. 5. Native- and SDS-polyacrylamide gel electrophoresis of purified
catalase from Pinus pollen. Purified catalase was stained for protein (A) or

catalase activity (B) after run on a native-polyacrylamide gel, and stained for
protein after run on a SDS-polyacrylamide gel (C). Molecular weight
markers (a, phosphorylase b, 94kDa; b, bovine serum albumin, 67kDa; c,
ovalbumin, 43kDa; d, carbonic anhydrase, 30kDa).
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Table 4. Propertis of catalase from Pinus pollen

(A)

Molecular mass

Gel-filtration
225 kDa

SDS-PAGE
53 kDa

(B) Effect of inhibitor on catalase activity

Inhibitor ( 1 mM)

Relative activity

None 100
KCN 0
NaNs 0
2 -Mercaptoethanol 60
2 -Mercaptoethanol (10 mM) 20
100 100
@) fp‘tkn
§80— @80
2 g
T 60 [ B 60
3 e
2 c
© 40 | ® 40
-t :j
= =
TJ @
o 20 m 20
O 1 1 1 1 1 0 1 1 { S |
3 4 5 6 7 8 9 10 11 3 4 5 6 7 8 9 10 11

pH

Fig. 6. (A) Effect of pH on the activity of Pinus pollen catalase. Activity was

measured in the standard assay method except that the indicated buffers were
used. (B) Effect of pH on the stability of Pinus pollen catalase. Activity was

measured in the standard assay method after the enzyme was incubated for 24

hours at 5°C in the indicated buffers. O, Sodium acetate buffer; €, Potassium

phosphate buffer; [], Sodium carbonate buffer.
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