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Abstract

Sclerotium rolfsii phosphatidase B, both crude and purified enzymes, was
able to inhibit mung bean mitochondrial oxygen uptake.

Introduction

Phosphatidases (phospholipases) have been extensively studied in relation
to injury of animal mitochondria. However, little attention has given to the
effects of phosphatidases on plant mitochondria, particularly the enzymes
produced by phytopathological organisms.

Disruption of mitochondria in intact and isolated skeletal muscles has been
observed when the tissues were treated with the alpha toxin (phospholipase
C) of Clostridium welchi. This disruption of mitochondria was attributed to
the hydrolysis of the mitochondrial lipids by the action of the toxin (Slein
and Logan, 1965). Several workers have shown a decrease in P/O ratio of
isolated mitochondria as a result of phospholipase A action #x vitro (Petrushka
et al., 1959, Rossi et al., 1962) and in vivo (Aravindakahan and Braganca, 1959).
Recently, electron microscopical study revealed that Agkestrodon piscivorus ve-
nom and phospholipase A produced an identical morphological alteration in
mitochondria and that structural disruption accompanies respiratory decline
(Augustyn et al., 1970).

Previous report (Tseng and Lee, 1973) from this laboratory has shown
that the purified S. rolfsii phosphatidase B was able to induce electrolyte leak-
age from mung bean hypocotyls. This paper presents the results of the effect
of the phosphatidase on the mung bean mitochondrial oxygen uptake.
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Materials and Methods

Purification of S. rolfsii phosphatidase B

S. rolfsii Sacc. (isolate 14) was used throughout this investigation. The
lesion extracts of bean hypocotyls infected with the fungus were used as
crude enzyme (Tseng and Bateman, 1969). The purified phosphatidase B from
crude enzyme preparation was achieved by ammonium sulfate fractionation
and DEAE cellulose column chromatography. This purified enzyme free from
DProtease, endo-polygalacturonase, cellulase, and enzymes which attack hemicel-
lulose was used as enzyme source (Tseng and Lee, 1973).

Isolation of mitochondria from mung bean hypocotyls

Mung bean (Phaseolus aureus) was used for this purpose. Seeds were
soaked in 0.525 NaClO for 10 min and in water for 2 hr. The soaked seeds
were then germinated and grown on Nylon screen holders which were placed
over water-filled trays in a growth chamber at 30°C in dark. Five days after,
the beans were harvested and only the hypocotyls were used for mitochondrial
isolation. The hypocotyls were cut into small pieces about 2-3 cm long, and
were ground in “Virtis 45” homogenizer for 40 seconds then ground for 50
seconds in a cold moter with 100 ml of grinding medium. All operations were
carried out in a cold room at 5°C and the ground tissues were maintained at
pH 7.2. The homogenate was squeezed through two layers of cheesecloth, and
the filtrate was processed to obtain mitochondria as shown in the following
diagram:

Filtered homogenate
1,000 g, 15 min. at 4°C

Discard
pellet Supernatant
’ 10,000 g, 15 min. 4°C
| |
Discard Suspend pellet in
suspernatant grinding medium*
' 2,500 g, 15 min. 4°C
| |
Discard Supernatant .
pellet 6,000 g, 15 min. 4°C
| |
Discard Suspend mitochondria
supernatant in equal volume of
wash medium**
* Grinding medium consists of ** Washing medium consists of
0.3 M mannitol 0.3 M mannitol
1.0 mM EDTA 1.0 mM EDTA
0.126 BSA 0.12 BSA
0.05% cystein pH at 7.2

pH at 7.2
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Assay for oxygen uptake of isolated mitochondria from mung bean hypocotyls

The Warburg apparatus was used to determine oxygen uptake (Umbret
et al,, 1957). Flasks containing the reaction medium were chilled before the
mitochondrial suspensions were added. Equilibration time was set in 10 min
and all experiments were run at 30°C. Each flask contained 1 ml of mitro-
chondrial suspension and 2 ml of reaction mixture at various pH values. The
reaction mixture consisted of 0.1 M buffer (citrate or phosphate) containing
40 M pi, 300 uM sucrose, 2uM cytochrome C, and 20 #M sodium succinate.
For measuring the effect of S. ro0lfsi phosphatidase on mitochondrial respiratory
activity, 0.8 ml of the enzyme preparation (crude or purified enzyme) was
added to the flask side arm and poured into the reaction medium after 180 min
incubation. Oxygen uptake was expressed as ul/mg dry weight of mitochon-
dria.

Results

Effect of pH on the isolated mitochondria from mung bean hybocotyls

Six milligrams of mitochondrial suspension was obtained from 1,000 g of
6 days old mung bean hypocotyls following the isolation procedures. Vital
examination of the isolated mitochondria has been carried out by coloration
with Janus green, which stains mitochondria greenish blue. This staining is
due to the action of the cytochrome oxidase system present in mitochondria,
which maintains the dye in its oxidized (colored) form. In the surrounding
cytoplasm the dye is reduced to a colorless leukobase, The respiratory acti-
vities of the isolated mitochondria were assayed at various pH values. Results
from Figure 1 showed that the isolated mitochondria exhibited a maximum
oxygen uptake at pH 6.5 and no response was found when the pH of reaction
mixture were below 4.0 and above 8.0.

Effect of S. rolfsii phosphatidase B on mung bean mitochondrial oxygen uptake

Preliminary study (Tseng and Bateman, 1969) indicated that the optimum
pH for the phosphatidase activity was about pH 4.5, and no enzyme activity
was detected in the enzyme source at pH values greater than pH 6.0. Since
the optimum PH for isolated mitochondrial oxygen uptake (Figure 1) is quite
different from the phosphatidase activity, it was decided to use pH 5.5 as a
pH in the reaction mixture for measuring the effect on the isolated mitochon-
drial oxygen uptake. Two enzyme preparations, crude and purified enzymes,
were used for this purpose. Results as shown in Figure 2, when the crude
enzyme was added to the reaction medium after 180 min incubation, the fol-
lowing oxygen uptake of the mitochondria became less as compared with
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Effect of pH on mitochondrial oxygen uptake. Each flask contained 1ml of
mitochondria suspension and 2ml of reaction medium at various pH values. The
reaction medium consisted of 0.1 M buffer which contaired 40pM Pi, 300:M
sucrose, 2 uM ATP, 0.02uM cytochrome C, and 20 M sodium succinate. Two
buffer systems were used, 0.1 M citrate buffer for pH 4.0 to 6.5; 0.1 M phosphate
buffer for pH 7.0 to 8.0. The reaction medium was carried out at 30°C for 1 hr.
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Effect of Sclerotium rolfsii phosphatidase B on mitochondrial oxygen uptake. Each
flask contained 1 ml of mitochondria and 2ml of reaction medium at pH 5.5
The reaction medium was the same as described in Figure 1, except that 0.8 ml
of the enzyme preparation (crude or purified phosphatidase B) was poured into
the reaction medium after 180 min incubation. For control treatment, 0.8 ml of
0.1 M citrate buffer pH 5.5 was used.
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control. Furthermore, the significant difference of oxygen uptake was found
when the purified phosphatidase B was used. The rate of oxygen uptake of
the enzyme treatment was 1100 ! per milligram of mitochondria as compared
with 1,450 x4l for control treatment after 240 min incubation.

Discussion

Studies on plant mitochondrial injury induced by phosphatidases appear
to be limited as compared to that on animal systems. In 1954, Nygaard et al.
(1954) obtained electron micrographs which suggested that morphological
changes accompanied the hydrolysis of animal mitochondria by crotoxin, a
purified phospholipase A from the venom of Crotalus terrificus. Condrea et al.
(1965) using partially purified venom containing phospholipase A also observed
these changes. Furthermore, phospholipase A has been implicated in the in-
crease of oxygan uptake in animal mitochondria due to the uncoupling of
oxidative phosphorylation (Condrea and DeVries, 1965).

On the contrary, there are little information referring to plant mitochon-
drial injury by phosphatidases which were produced by phytopathogens.
Swelling of Phaeolus mitochondria by phospholipase A has been studies by
Earnshaw and Truelove (1970), and they indicated that phospholipase A induced
swelling of mitochondria as a result of releasing lysophospholipids and free
fatty acids from the membrane. However, the enzyme which is used in this
experiment was not produced by phytopathogens.

At the present, there is no information on the effects of phosphatidases
(produced by phytopathogens) on plant mitochondrial 0O, uptake, except that
the purified phosphatidase C obtained from Erwinia carotovora has been de-
monstrated to be able to chang the respiratory mechanism of potato mitochon-
dria with a decrease in oxygen uptake (Tseng, 1972). The present study also
shows that S. rolfsii phosphatidase B was able to inhibit the mung bean mito-
chondrial O, uptake. The mechanisms of decrease of oxygen uptake in the
mitochondria treated with the phosphatidases (B and C) are still not estab-
lished. However, it may be explained in two ways: firstly, the enzymes may
act directly on the membranes to modify mitochondrial stability or act indi-
rectly by releasing membrane-bound enzymes which in turn directly interfere
with the respiratory process, secondly, the enzymes may split phosphatide
molecules which are associated with certain respiratory enzymes.
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