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Table 1 Fractionation of the crude extract from mung bean

leaves by Sephadex G-25 gel filtration

Fraction Volume Addition ODF activity2
(ml) (units)

Crude extract 0.2 -_— 434

Boiled crude

extract 0.2 12

High molecular

weight fraction 0.25 4

Low molecular

weight fraction 0.25 1

High molecular

weight fraction 0.25 51

+ low molecular each

weight fraction

High molecular 0

weight fraction 0.2 20 mM KC1

High molecular 0.2 10 mM cacl 275

weight fraction 2

8activity was assayed by Method I.



catfolase

( 1 mole/min/lecf )
I

0 | | 1 1
glycolote oxidase

( p mole/min/ leaf )

Activity

0 ! 1 1 1

hydroxypyruvate
reductase

( nmole/min/leat )

0 1 1 ? 1
4 5 6 7 8

Germination time (days)

Fig. 1. Increases in activities of peroxisomal enzymes

in the primary leaves of mung bean grown on 0.4 $ agar

in the light. Etiolated 4-day-old seedlings of mung bean
were grown in the dark or light for further 4 days. Open
symbols: activities in light-grown seedlings. Closed symbols:

activities in dark-grown seedlings.
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50 |- hydroxypyruvate
reductase
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Germination time ( days )

'Fig. 2. Increases in activities of peroxisomal enzymes

in the primary leaves of mung bean grown on 0.4 % agar
containing nutrients (0.2 strength of Johnson's solution)

in the light. Etiolated 4-day-old seedlings of mung bean

were grown in the dark or light for further 4 or 8 days,

respectively. O: activities in light-grown seedlings.
@ : activities in dark-grown seedlings.
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)
£ 122 402 'B‘
8 £
o
rd
U - L e 1 (o]

10 2 S 10 20 S 10 20 S

_ Froction number

gradient centrifugation.  The homogenates (22.5 ml. each)
were layered on 37.5 ml-sucrose density gradients (25-
60 %, w/w), then centrifuged at 69,000 xg for 3 hr.

"S" on the abscissa represents the fraction correspond-

ing to the layered sample; mumerals on the peaks show
densities. a; homogenate from 7.5 g of the primary
leaves of mﬁng bean, b; homogenate from 4.2 g of spinach
leaves, c; mixture of 12.5 ml of spinach leaf homogenate
(equivalent to 4.2 g of the leaves) and 7.5 ml of 10,000
xg supernatant of mung bean leaf homogenate (equivalent
to 2.5 g of the primary leaves).
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Fig. 4. The activity of hydroxypyruvate reductase (HR)

released from leaf peroxisomes as a function of the

concentration of organelle-damaging factor. The reaction

was carried out according to Method I with 7,700 xg
supernatant of homogenate (crude extract) from the
primary leaves of mung bean.



Fig. 5.

HR (nmole/min)

ol 1 1 :

0 10 20 30 40

Time ( min)

The time-course of the release of hydroxy-

Pyruvate reductase (HR) from leaf peroxisomes by the

action of organelle-damaging factor. The reaction was
carried out according to Method I. '
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Fig. 6. The activity of hydroxypyruvate reductase
released from leaf peroxisomes as a function of the

was carried out according to Method II with crude extract
~from the primary leaves of mung bean.
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Fig. 7. The time-course of the release of hydroxypyruvate

reductase (HR) from leaf peroxisomes by the action of

organelle-damaging factor. The reaction was carried out
according to Method II.
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Fig.8. Increases in enzyme and organelle-damaging
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primary leaves of mung bean grown on 0.4 % agar containing

- nutrients (1.0 strength of Johnson's solution) in the

light. Etiolated 4-day-old seedlings of mung bean were -
~grown in the dark or light, and crude extracts of the
primary leaves were assayed for the activities and content.
(:): activity or content in light-grown seedlings.

activity or content in dark-grown seedlings.
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Table 2 purification of ODF from the primary leaves of mung bean

Step Total Total Yield Specific Purifica-
protein activity activity tion
(mg) . (units) (%) (units/mg (-fold)
protein)

Crude extract 400 501 100 1.25 1
Ammomium sulfate
fractionation 300 355 70.9 1.18 0.94
DEAE-cellulose
column chromato- 18:3 350 69.9 18.9 15.1
graphy
Sephadex G-100 ) )
gel filtration 0.87 340 67.9 391 313
Isoelectric :
focusing 0.61 81 16.1 133 106
Con A-Sepharose
column chromato- 0-13 6 1.2 46.2 37.0
graphy
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Fig. 9. DEAE-cellulose column chromatography of ammonium
sulfate precipitate fraction.




- e e

ODF activity (units/ fraction)

Fig.10. BSephadex G-100 column chromatograpll\l of DEAE-
cellulose column elute fraction.
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Fig. 11. Isoelectric focusing of Sephadex G-100 column
elute fraction.




Fig. 12. Disc gel electrophoresis of purified ODF. Left;

electrophoresis in a 7% polyacrylamide gel. Right; electro-

phoresis in a sodium dodecylsulfate-polyacrylamide gel.
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Fig. 13. Estimation of molecular weight of ODF. @@ ; ODF,
'BSA; bovine serum albumin, CS; citrate synthase.
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Fig. 14. Effects of concanavalin A on ODF activity.

Sephadex G-100 column elute fraction (7.5 g protein)

was assayed in the presence of varying amount of concanavalin
A described as in Method II. The activity of ODF was expressed
as percentage of the activity relative to that without con-

canavalin A.
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Table 3 Interaction between ODF and chloroplasts

~catt +catt
oprS rp1d oprS erd
(%) (4 mole/min/ () (v mole/min/
incubation incubation
mixture) mixture)

0°C 10°C 0°C 10°C 0°C 10°Cc 0°C 10°C

sup? 87 80 12 19 80 61 90 925
ppt2 6 8 1044 982 9 5 903 23
Lost

activityg 7 12 - - 11 3 - -

a Spinach chloroplasts were incubated with partially purified
ODF in the presence or absence of CaClz at 0 or 10°C as described
under Materials and Methods. Then the incubation mixtures were
centrifuged at 105,000 xg for 2 hr, and the supernatant (Sup)

and precipitate (Ppt) were assayed for ODF and triosephosphate
isomerase activities. ‘

b The activity which was lost during incubation.

€ The activity is expressed as percentage of the activity in each

fraction relative to that before the incubation.

4 Triosephosphate isomerase.



Table 4 - Effects of sugars on ODF activity

ODF activity
(%)

a-nethyl-D-glucoside » 111
a-nethyl-D-mannoside 97
a-methyl-D-galactosamine . 98
D-glucose 7 108
D-galactose N 111
D-fructose 110
L-arabinose 108
L-rhamnose . 107
D-xylose . 100

The final concentration of .each sugar in the reaction
mixture was 0.01 M. The activity is expressed as
percentage of ODF activity with a given sugar relative
to that in the absence of the sugar.
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Fig. 16. ' ODF activity as a function of pH. (O ; 0.05 M
acetic acid-KOH buffer, D ; 0.05 M glycylglycine—KOH
buffer, @ ; 0.05 M Tris-maleic acid-KOH buffer.
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Fig. 17. Release of matrix enzymes from spinach leaf

suspension prepared from spinach leaves (total activity:
hydroxypyruvate reductase; 1l.46 ﬂmole/min, fumarase; 47.8
umole/min, triosephosphate isomerase; 2.98 ﬁmole/min)

was incubated with partially purified preparation of

ODF (0.347 units) under the conditions described for Method
II in Chapter I. The incubated mixture then was centrifuged
at 10,000 xg for 15 min. Activities in the supernatant were
regarded as those of released enzymes, and are expressed as
percentages of total activities. Controls were run without
ODF. () ; hydroxypyruvate reductase released from the
peroxisomes, . : fumarase released from the mitochondria,
[] ; triosephosphate isomerase released from the chloroplasts.
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Fig. 18 . Action of ODF on membrane carbohydrates. A membrane

fraction from spinagb 1¢§ygs was incubated with opF () or
and Methods. In order to test if ODF inactivates during .
incubation, the factor was incubated in the absence of the
membréne fraction, and an aliquot of the incubation mixture -
was assayed for ODF actiﬁity: the activity (j( ) is expressed
as percentage of ODF activity after incubation for a given
period relative to that before incubation. /A : the
_glycosidases were incubated in the absence of the membrane

fraction.
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Incubqfion Time ( hr)

Fig. 19. Action of ODF on native or heat-denatured hemoglobin.
Native hemoglobin (@ and() ) or heat-denatured hemoglobin
(A and A ) was incubated either with ODF (open symbols) or
with trypsin (closed symbols) as described under Materials and

Methods. X : the same as described for Fig.l18.
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Fig. 20. Polyacrylamide gel electrophoresis of incubation

- mixture composed of ODF and proteins either in the presence

or absence of CaCl,. The incubation mixture was composed of
2 mg of protein, 0.05 ml of ODF (38 ug protein), 1 mM CaCl2
and 0.1 M glycylglycine-KOH buffer, pH 7.5, in a final volume

of ; ml. Control was run without CaClz. After incubation

at 10°C for 1 day, 0.01 ml of the incubation mixture was
subjected to polyacrylamide gel electrophoresis as described
by Davis (61). Gels were stained for protein with Coomassie
brilliant blue R. a; alcohol dehydrogenase, b; alkaline
phosphatase, c¢; hemoglobin, d; y-globulin, e; glucose oxidase,
f; insulin. Each right track; Without 1 mM CaCl.,, each left
track; with 1 mM CacCl

2
2.



neutral lipid Phospholipid
fraction fraction

Fig. 21. Action of ODF on organelle-lipids. A membrane fraction
from spinach leaves was incubated with ODF, then neutral lipids
"and phospholipids were extracted from the reaction mixtures

and subjected to silica thin layer chromatography as described
under Materials and Methods (b and d). Control was run

without ODF (a and c). Sulfuric acid (50%, v/v) containing
0.5%(w/v) vanillin was used for detection of spots.

7(



e b c d ‘]
original
point

Fig. 22. Action of ODF on phospholipids. ?hospholipid [

phosphatidyl inositol (a), phosphatidyl glycerol (b),
phosphatidyl ethanolamine (c¢) or phosphadidyl choline (d)]
was incubated with ODF, then lipids were extracted from the
incubation mixture and subjected to silica thin layer
chromatography as described under Materials and Methods

( each right track). Each left track: phospholipid itself
used as substrate.
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Fig. 23. Interaction between ODF and chloroplasts. Spinach

chloroplasts were incubated with ODF in the presence of

CaCl2 for the times indicated as described under Materials

and Methods. Then the incubation mixtures were centrifuged

at 105,000 xg for 2 hr, and the supernatant ([:]) and
precipitate (ZS ) were assayed for ODF activity. The activity
is expressed as percentage of ODF activity in a given fraction
relative to that in the incubation mixture before incubation.
X : ODF activity in the incubation mixture containing no
chloroplasts. C) : loss of ODF activity in the incubation
mixture containing chloroplasts. G’ : triosephosphate

isomerase activity in 105,000 Xg supernatant.
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Fig. 24. Decrease in absorbance at 650 nm during incubation

- of organelle-suspension with ODF in the presence of calcium

“ions. The composition of the incubation mixtures was initially
as follows: a; 0.19 ml of organelle-suspension, 0.2 ml of the
suspending medium and 0.005 ml of 0.1 M CaClz, b; the same as
for "a" except that water was substituted for 0.01 M CaClzr
0.39 ml of the suspending medium and 0.05 ml of 0.1 M CaClz,
"a". At the times indicated by arrows, 0.005

c
d; the same as for
ml of partially purified ODF preparation or 0.05 M Tris-HCl
buffer,pH 7.5, was added into the incubation mixtures.
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Fig. 25. Effects of divalent metal ions on decrease in

absorbance at 650 nm during incubation of organelle-suspension

with ODF. Initially, each incubation mixture was composed of
0.19 ml of organelle-suspension, 0.2 ml of the suspending
medium and 0.005 ml of 0.1 M metal salt indicated. At the
times indicated by arrows, partially purified ODF preparation
(0.005 ml) was added into the incubation mixture.
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Fig. 26. Hypothetical mode of action of ODF.
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