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Monodehydroascorbate Reductase and
Glutathione Reductase from Pinus Pollen
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Monodehydroascorbate reductase (MDA-R) and glutathione reductase (GSSG-
R) involved in ascorbate-glutathione cycle, an important defense system against
active oxygens, were investigated in Pinus pollen. MDA-R in the extract from
Pinus pollen was purified 138-fold by means of protamine treatment, anion ex-
change chromatography, affinity chromatography, and gel-filtration. The en-
zyme was monomers occurring as two isozymes with molecular masses of
48kDa and 46kDa, as determined by SDS-PAGE. Both NADH and NADPH
served as the electron donors of the enzyme. The Km values were 15.9 £ M and
42.4uM for NADH and NADPH, respectively. The enzyme activity was inhibited
by thiol-reagents and ImM GSSG.

GSSG-R in the extract from Pinus pollen was purified 272-fold by means of
protamine treatment, anion exchange chromatography, affinity chromatography,
and gel-filtration. The major enzyme had a molecular mass of 76kDa, as deter-
mined by gel-filtration. The enzyme activity was inhibited by thiol-reagents, but
stabilized by GSH.

Cultivation of the pollen with 500 ©« M paraquat, a strong inhibitor for the tube
elongation of Pinus pollen, resulted in the drastic decrease of ascorbate peroxi-
dase (APX) activity, while the activities of other enzymes in ascorbate-glutathi-

one cycle were almost conserved in contrast to those in the control.

Key words : Active oxygen, Monodehydroascorbate reductase, Glutathione

reductase, Paraquat, Pinus pollen
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Table 1. Summary of purification of MDA-R from Pinus pollen
Volume Activity Protein Specific Yield
Step activity
(mlD) (units) (mg)  (units/mg) (%)
Crude extract 305 968.1 472.1 2.05 100
Protamine treatment 335 836.0 375.4 2.34 86.4
DEAE-Cellulose (DE-52) 30.0 232.3 42.18 5.51 24.0
Blue-Sepharose (CL-6B) 32.2 208.6 1.362 153 21.5
Gel-filtration (Superdex 200pg) 17.5 206.8 0.730 283 21.4
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Fig. 1. Elution pattern of Pinus pollen MDA-R on a HiLoad 26 / 60 Superdex
200pg column following Blue-Sepharose CL-6B column chromatography. For

the condition of chromatography, see Materials and Methods. Fractions of

2.5ml were collected. =O—, MDA-R activity ;

, absorbance at 280nm.
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Fig. 2. Native- and SDS-PAGE of purified MDA-R from Pinus pollen. Purified
enzyme was run on a native-polyacrylamide gel and stained for protein (A),
MDA-R activity by Ferricyanide-copper method (B) and MDA-R activity by
Kaplan method (C), and also analyzed by SDS-polyacrylamide gel electropho-
resis (D). Molecular weight markers (a, phosphorylase, 94kDa ; b, bovine

serum albumin, 67kDa ; ¢, ovalbumin, 43kDa ; d, carbonic anhydrase, 30kDa ;
e, soybean trypsin inhibitor, 20.1kDa ; f, a@-lactalbumin, 14.4kDa).

100

Residual activity (%)

Fig. 3. Effect of pH on the stability of Pinus pollen MDA-R. Activity was meas-
ured in the standard assay method after the enzyme was kept for 24 hours at
5% in the indicated buffers. - ]—, Sodium acetate buffer ; - @-- , Potassium
phosphate buffer ; <O—, Tris-HCI buffer.
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Table 2. Effect of thiol-reagents and glutathine on MDA-R activity from Pinus pollen

Relative MDA-R activity (%)

Compound
0.ImM" 1.0mM"

None 100 100
N-Ethylmaleimide 79 62
lodoacetate 95 56
p-CMB 15 0
CuS0, 15 0
5,5'-Dithiobis (2-nitrobenzoate) 16 0
GSH 100 100
GSSG 100 49

'Concentration of compound added.
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Fig. 4. Effect of glutathione concentration onthe stability of Pinus pollen MDA

-R. Activity was measured in the standard assay method after the enzyme
was incubated with glutathione for indicated times. —@—, 1.0mM GSSG ; ~O—,
0.1mM GSSG ; ---#---, 1.0mM GSH ; ---[ |-+, 0.1mM GSH.
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7 o= vtk GSSG-R Oz 5o 70 &%
Table3IC/Rd. 774 =F4—20= 057 4 —
ETOIEEE =713 1 fliTH -7, 7FIVAETIEY v —
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Table 3. Summary of purification of GSSG-R from Pinus pollen

Volume Activity Protein Specific Yield
Step activity
(mD) (units) (mg) (units/mg) (%)
Crude extract 490 120.1 627.0 0.192 100
Protamine treatment 975 111.3 190.8 0.583 92.7
DEAE-Cellulose (DE-52) 38.5 78.99 38.97 2.03 65.8
Blue-Sepharose (CL-6B) 6.8 57.91 1.886 30.7 48.2
Gel-filtration (Superdex 200pg) 10.0 15.61 0.298 02.4 13.0
. B 025
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Fig. 5. Elution pattern of Pinus pollen GSSG-R on a HiLoad 26 / 60 Superdex
200pg column following Blue-Sepharose CL-6B column chromatography. For

the condition of chromatography, see Materials and Methods. Fractions of
2.5ml were collected. -O—, GSSG-R activity ; ...... , absorbance at 280nm.
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Fig. 6. (A) Effect of pH on the activity of Pinus pollen GSSG-R. 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 GSSG-R. Activity was

measured in the standard assay method after the enzyme was kept for 24 hours

at 5 °C in the indicated buffers. —[ -, Sodium acetate buffer ; -

@® -, Potassi-

um phosphate buffer ; <O—, Tris-HCI buffer.

Table 4. Effect of thiol-reagents on GSSG-R avtivity from Pinus pollen

Relative GSSG-R activity (%)

Compound -
0.1lmM* 1.0mM*

None 100
N-Ethylmaleimide 94
lodoacetate 93
p-CMB 3
CuSO; 36
5,5’-Dithiobis (2-nitrobenzoate) 100

‘Concentration of compound added.
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Table 5. Change in activities of SOD, APX, catalase, MDA-R, DHA-R and GSSG-R after 24-hour

cultivation of Pinus pollen

Relative activity (%)"

SOD APX Catalase MDA-R DHA-R GSSG-R
Without paraquat 188 128 108 78.4 96.3 51.9
With paraquat 178 8.6 87.3 98.8 30.5 87.3

"Each activity was expressed as a percentage of enzyme activity from mature pollen without culti-

vaition. SOD, superoxide dismutase ; APX, ascorbate peroxidase ; MDA-R, monodehydroascorbate
reductase ; DHA-R, dehydroascorbate rudectase ; GSSG-R, glutathione reductase.
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