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Abstract

Plasma membrane dysfunction of strawberry and Japanese pear petiole cells treated with
AF-toxins was studied by means of electrophysiological methods. The light-dependent and
-independent components of membrane potential of susceptible strawberry were rapidly de-
polarized after AF-toxin I (3.2x10°M) treatment. AF-toxin II (2.6x107°M) did not
cause any change in the membrane potential and its two components of susceptible straw-
berry. Resistant strawberry has shown no depolarization by AF-tioxin I (3.2X107°M)
treatment. The membrane potentials between xylem vessel and parenchyma symplast of
strawberry and Japanese pear petioles were measured by the xylem perfusion method. AF-
toxin I induced inhibition of the activity of electrogenic ion pump on both susceptible straw-
berry and Japanese pear, but AF-toxin II induced it only in susceptible pear. In each case,
respiration-dependent membrane potential difference rapidly decreased. These two AF-
toxins did not cause any change in membrane potential of strawberry and Japanese pear
resistant to the disease. Prior treatment of susceptible strawberry tissuse with AF-toxin
11, non-toxic to strawberry, protected them from AF-toxin I action as was evident in elec-
trophysiological indices. Respiration-dependent component of membrane potential in pro-
tected tissues was not influenced for at least 2 hr after AF-toxin I treatment.
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Introduction

AF-toxins are capable of disturbing the membrane integrity only in the susceptible
plants. The toxins caused an instantaneous and marked increase in loss of K* from the
leaf tissues®. The increase in K* efflux was detectable within a few min after toxin
treatment. Such toxin-induced dysfunctions of plasma membrane were also confirmed
in the electron microscopy pictures which revealed that many invaginations of the mem-
branes occurred within 1 to 3 hr after toxin treatment!®. These earlier observations
suggested that electrophysiological investigations at cellular level might provide more
precise information concerning AF-toxin action on the membrane, and give some clues
concerning the nature of disease susceptibility. Whether AF-toxins damage the host
plasma membranes directly, or indirectly through affecting some metabolic processes
has not been determined.

AF-toxins were found to consist of three phytotoxic molecular species (AF-toxins I,
II and III) which possess apparently different host-selective toxicities®?®. Recently, the
toxins have been structurally characterized®” and pure preparations became available
now for biological studies. :

In this paper, we have measured electrophysiologically the changes of membrane po-
tential differences in toxin-treated petiole cells of strawberry and Japanese pear. The
objectives of this study are (1) to identify plasma membrane as possible target organel-
les carrying the primary action site for AF-toxin, (2) to determine whether the toxins
inhibit the active components of membrane potential or passive ones, and (3) to re-ex-
amine the protective effect of pre-treatment with AF-toxin II on AF-toxin I-induced
toxic action®, by means of electrophysiological methods. Brief reports of some of this
work have been published in a brief form%!?.

Materials and Methods

Plants. Strawberry cultivars susceptible (Morioka-16) and resistant (Hoko-wase)
to Alternaria black spot of strawberry were used in this study. Susceptible and resis-
tant Japanese pear cultivars, Nijisseiki and Chojuro, respectively, were also used. Fresh-
ly harvested petioles of these plants were used throughout this study.

AF-toxin preparalion. Toxins were purified by the method described previous-
1y*®. Purified toxins were stocked in methanol (107%) at -20 C. The diluted toxin so-
lutions were prepared by adding an adequate volume of perfusion solution to the stock
methanol solution just before use.

As described earlier?, AF-toxin I can induce veinal necrosis on leaves of both straw-
berry cv. Morioka-16 and Japanese pear cv. Nijisseiki. AF-toxin II is toxic to Nijis-
seiki pear, but not toxic to Morioka-16 strawberry. Conversely, AF-toxin III is highly
toxic to Morioka-16 strawberry and slightly toxic to Nijisseiki pear. All these AF-tox-
ins do not cause any visible toxicities on leaves of a number of resistant cvs. of straw-
berry and Japanese pear. AF-toxin III was not used in this study because of its ex-



612 HAMEYRBAE 28 524 W45 WEF61F10H

tremely small yield from culture filtrates.

Electrophysiological measurement. 1. Determination of light-dependent component
of membrane potential. A petiole, 5 mm in length, was cut longitudinally into three
slices. The middle slice, 2 mm in thickness and in width, was then mounted in a ver-
tical 4 ml plexiglass chamber'®, which will be externally perfused with bathing solution
(0.1 mM Na-MES buffer, (0.5 mM CaSO, and 50 mM mannitol) with or without AF-tox-
ins. A-glass micropipette (intracellular microelectrode), 0.5 pm in tip diameter, filled
with 3 M KCl was inserted into mesophyll cell and another reference electrode into ex-
ternal solutions. The flow of the bathing solution was about 1 ml/min. Experiments
were performed in a dark room. When necessary, the leaf sections were illuminated by

a white incandescent lamp mounted in a microscope. The difference in membrane po-

Sc

T Pressure

Fig. 1. Chamber for the pressurized intra-
organ perfusion system. P, petiole
segment 25 mm long, whose lower
part near the cut end is glued to
the hole of a flange with epoxy re-
sin ; Sc, sucking pipette inserted
into the droplet exuded from the up-
per cut end ; R, reference electrode;
M, intracellular glass microcapillary
electrode ; S. surface electrcde plug-
ged with cotton thread and filled
with 15 mM of KCI solution, which
is in contact with a thin agar cake
containing 15 mM of KCl that is
placed on the surface of the seg-
ment ; and E, exaust.

tential levels between dark and light
phases were taken as “light-dependent
component”.

2. Determination of respiration-depen-
dent component of membrane potential.
The basal part of a petiole segment (25
mm in length) excised from just below
leaf blade was inserted into a hole (2.0-
2.6 mm in diameter) bored in the center
of a hard vinyl chloride flange and tightly
fixed with compound epoxy-resin glue
(Cemedine High Super, Cemedine Co., To-
kyo). Small amount of silicon grease was
smeared around the petiole just below
the upper cut end of the segment in order
to avoid the flowing-down of the exudate.
Thereafter, the segment with a flange
was tightly mounted by a screw divice
into an acrylite chamber (Fig. 1). The
air in the chamber could be replaced
quickly by pure N, gas (99.998%). A
perfusion solution (1 mM K-malate buff-
er, 0.5 mM CaSO,, 1% sucrose), with or
without AF-toxin, was pressed into xylem
vessel from the lower cut end of the
petiole by a Hamilton syringe (capacity
250 mm?®) with an appropriate load (10-
20 g weight). Excess exudate of the per-
fusion solution appearing on the upper
end was sucked off by a pipette connect-
ed to a pump. Details of the “xylem

perfusion method” was described else-
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where®510_  An intracellular microelectrode previously described! was inserted hori-
zontally through a hole into parenchyma cells for the measurement of membrane potential
difference between xylem vessel and parenchyma symplast. In this case, the reference
electrode was placed in the xylem exudate on the upper cut end. The difference in
membrane potential levels between air and anoxic phases in the dark were taken as
“respiration-dependent component”.

In both cases, membrane potentials were led via a pair of Ag/AgCl unpolarizable elec-
trode to the non-inverting terminal of an operational amplifier (AM 405-2, Datal Sys-
tems Inc., Mansfield) of unity gain whose output was recorded on a chart recorder.

Results

Effect of AF-toxins on light-dependent or light-independent components of

membrane potential in strawberry petiole cells

Petiole sections of susceptible strawberry (cv. Morioka-16) were bathed in perfusion
solution. After a microelectrode was inserted into a single cell and the potential re-
cording became stable in the light, the light was turned off. The difference in mem-
brane potential levels between dark and light phases was taken as “light-dependent com-
ponent”. The light-dependent component of membrane potential was abolished in the
dark, but membrane potential was recovered in the light to the original level. When AF
-toxin I (3.2x10-° M) was applied in perfusion solution in the dark, the membrane po-
tential rapidly deporalized immediately after AF-toxin I reached the tissues. The light-
dependent component of membrane potential was completely abolished by toxin applica-
tion in the dark, and light-independent component was partially abolished. The mem-
brane potential never recovered to the original level observed in toxin-free solution (Fig.
2-A).

In petiole sections of resistant strawberry (cv. Hoko-wase), no depolarization was ob-
served by AF-toxin I (3.2%x107® M) treatment in the dark, but both the membrane po-
tential and its light-dependent component gradually as time passed (Fig. 2-B).

Application with AF-toxin II (3.2x10-* M) in the dark did not cause any change in
the membrane potential and in its two components in petiole sections of susceptible cv.
Morioka-16 (Fig. 2-C).

Effect of AF-toxins on active or passive component of membrane potential in

strawberry and Japanese pear petiole tissues

A petiole segment of susceptible strawberry was mounted into an acrylite chamber,
and the perfusion solution was passed into xylem vessel from the lower cut end of the
petiole for 4 hr. An intracellular microelectrode was inserted horizontally. After mem-
brane potential level became stable in the air phase, the air in the chamber was replac-
ed quickly by N, gas. Under an anoxic condition, the cell membrane of petiole segment
was depolarized immediately (Fig. 3). When N, gas was replaced by air, the cell mem-
brane was repolarized. The differences in membrane potential levels between air and
anoxic phases in the dark were taken as “respiration-dependent component” or simply
“active component”. When AF-toxin I (3.2X107% M) was applied in the perfusion so-
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Fig. 2. Effect of AF-toxins on the membrane potential of light-dependent
and -independent components of susceptible and resistant straw-
berry cells. Downward arrows indicate addition of toxin, and up-
ward arrow indicates removal of toxin. Concentrations of AF-toxins
] and I were 3.2X107% and 2.6X10® M. A : susceptible straw-
berry, B : resistant strawberry and C : susceptible strawberry.

lut’'on under an aerobic phase, susceptible cell membrane immediately started to depolar-
ize, and finally reached the potential level in anoxic phase. When N, gas was subsequent-
ly replaced by air, the active component was found to be decreased to one-fifth and was
never recovered to the level observed before AF-toxin I application (Fig. 3-A). The cell
membrane of resistant strawberry was not affected by AF-toxin I (3.2%x10-%* M, Fig. 3-B
and 4) and AF-toxin IT (data not shown). Neither membrane potential nor its two com-
ponents was affected by AF-toxin II, as was observed in the petiole segments of disease-
susceptible strawberry exposed to AF-toxin II (2.6X107% M) under an aerobic condi-
tion (Fig. 3-C).
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Fig. 3. Effect of AF-toxins on the respiration-dependent and passive com-
ponents of membrane potential of susceptible and resistant straw-
berry cells. Upward arrows indicate replacement of air by N, and
downward arrows indicate re-aeration. Thicker arrows indicate
addition of toxin to perfusion solution. Concentrations of AF-
toxins [ and I were 3.2X10°° M and 2.6x10-®* M. A : susceptible
strawberry, B : resistant strawberry and C : susceptible strawberry.

The membrane potential of susceptible Japanese pear petioles was depolarized about
30 min after AF-toxin IT (2.6%x107® M) application (Fig. 5), indicating that a certain pe-
riod of time is required for toxin molecules to reach the cell membrane. AF-toxin I
also caused the depolarization of cell membrane of susceptible Japanese pear (data not
shown). Resistant strawberry was not influenced by AF-toxin I (3.2x107* M) and II
(2.6X107° M). '
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Protective effect of pre-incubation with AF-toxin II on the toxic action of
AF-toxin 1

On the basis of assay of leakage of potassium from the tissues and induction of veinal
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Effect of AF-toxin I (3.2x107°M) on the membrane potential (@)
and its two components (active, O and passive, A) of resistant
strawberry cells. Toxin was added to the perfusion solution at

time 0.
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Effect of AF-toxin I (2.6X10°M) on the membrane potential of
susceptible Japanese pear cells. Upward arrows indicate replace-
ment of air by Ny, and downward arrows indicate re-aeration. Thick-
er arrow indicates addition of toxin to perfusion solution.
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necrosis, we demonstrated that AF-toxin II protects strawberry leaves from AF-toxin
I-induced damages®. By means of electrophysiological methods, the toxic action of AF-
toxin I to strawberry was re-examined.

The basal part of a petiole segment of susceptible strawberry was soaked in AF-tox-
in II (2.6%107® M) solution for 20 hr. The segment was mounted into an acrylite cham-
ber, and the perfusion solution containing AF-toxin II (2.6X10™® M) was pressed into
xylem vessel from the lower cut end of the petiole for 4 hr. Then, a glass micro-
electrode was inserted. After membrane potential level became stable in the air phase,
the air in the chamber was replaced quickly by N, gas. Under an anoxic condition, the
membrane potential was depolarized immediately. Thus, the cell membrane of suscep-
tible petiole was not influenced even at high concentration of AF-toxin II (2.6x107% M).
AF-toxin T (3.2%107% M), which is sufficient to cause the depolarization of suceptible
cells, was added to perfusion solution under an aerobic phase. Interestingly, the mem-
brane potential and its active and passive components of susceptible cell were almost
constant at least for 2 hr after AF-toxin I application, although, as time passed, these
levels gradually decreased (Fig. 6).
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Fig. 6. Effect of pre-incubation with AF-toxin I (2.6X107°M) on the ac-
tion of AF-toxin I (3.2X10°®M) on the membrane potential (@)
and its two components (passive, A ; active, Q) of susceptible
strawberry cells. Materials were pre-incubated with AF-toxin II
for 24 hrs and AF-toxin I was added to the perfusion solution
at time 0.
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Discussion

AF-toxins depolarized the membrane of susceptible plant cells shortly after toxin
treatment. The depolarization resulted from the loss of active component of membrane
potential, suggesting that the electrogenic H*-pump might be selectively damaged. The
electrophysiological results recorded here were in harmony with previous observations
on biological activities (e. g. leaf veinal necrosis and K* efflux from leaf tissues) of
each AF-toxin on susceptible plants® ; AF-toxin I induced depolarization both in suscep-
tible strawberry and Japanese pear, whereas AF-toxin I induced it only in susceptible
Japanese pear. Both toxins, however, did not cause any effect in any of the experi-
ments with the strawberry cv. Morioka-16 and Japanese pear cv. Chojuro, immune to
the disease.

An analogous depolarization of plasma membrane has recently been found in the com-
bination of sugarcane tissues and HS-toxin produced by Helminthosporium sacchari'®.
However, the patterns observed in the present work were somewhat different. The loss
of active component of membrane potential in sugarcane tissues after HS-toxin treat-
ment could be recovered by washing the leaf sections with a toxin-free solution, and at
low concentrations of HS-toxin the depolarized membrane potential partially recovered.
In our combination of host and toxins, however, the light-dependent and-independent
components of membrane potential were markedly decreased by toxins, and the depolar-
ized potential was not recovered to the original level by washing with a toxin-free so-
lution. Such rapid and irreversible action of AF-toxins is probably due to a direct and
strong effect on electrogenic H*-pump on plasma membrane. If this was the case, it
would follow that effects of AF-toxins on the isolated plasma membrane or purified
membrane ATPase was similar.

In earlier paper®, we reported that the appearance of visible symptoms and physio-
logical damages caused by AF-toxin I in susceptible strawberry tissues are partially in-
hibited by pretreatment with AF-toxin II. Results of electrophysiological experiments
about this problem were somewhat similar to the previous results with whole tissues.
Thus, it seems possible that nontoxic AF-toxin II combines with a certain site on plas-
ma membrane of host plant, protecting it from subsequent attack by AF-toxin I
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