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ABSTRACT

Tentoxin induced closure of stomata on broad bean
leaflets and epidermal strips kept in light. The extent of
closure in leaflets was directly correlated with tentoxin
concentrations between 100-10 uM. The toxin also retarded
stomatal opening in the dark when CO, concentration was
reduced. The uptake of potassium by guard cells was
inhibited in the presence of tentoxin.
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Tentoxin, a cyclic tetrapeptide produced by the
fungus Alternaria tenuis Nees, induces chlorosis in
the cotyledons of germinating seedlings of many
dicotylendonous species (5, 7). Ultrastructural studies
have shown that it affects development of the
prolammellar bodies and lamellae in the chloroplast,
but that it has no observable effect on mitochondrial
or nuclear integrity, or the conversion of
protochlorophyll to chlorophyll. From these and
other data, it was concluded that tentoxin acts by
disrupting plastid development (4).

Recently, we found that tentoxin induced a
reduction in the transpiration rate of bean, mung
bean, and cucumber seedlings within 1 hr after the
stems were immersed in an aqueous solution of 200
UM tentoxin (1). This, and the further finding that
tentoxin treatment suppressed the opening of
stomata in CO,-free air in the dark, suggested that at
least part of its mode of action in plants involves a
relatively immediate effect related to guard cell
turgor. Accordingly, we investigated in greater detail
the relationship between tentoxin and stomatal
aperture.

Tentoxin was prepared separately from 8-liter lots
of culture filtrate and mycelium using the extraction
method of Saad et al. (6) except that before
extraction the pH was adjusted to 3.0 with 1.0 N HCI
and chloroform was substituted for diethyl ether.
After partitioning, the organic phase was evaporated
to dryness under reduced pressure in the presence of
aluminum oxide, neutral (activity 1). The residue was
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placed on the top of a column (2.5 X 12 cm) of the
same absorbant, equilibrated with ethyl
acetate:benzene (9:1), and the column developed
using this solvent system. Fractions which eluted
between 75-975 ml were pooled and evaporated to
dryness under reduced pressure. The residue was
dissolved in chloroform, applied to TLC plates
(Merck Silplate 60 F-254, 0.25 mm), and developed
with ethyl acetate:benzene (99:1, v/v). Spots
containing 1 ug or more tentoxin (Rp 0.20) were
detected under UV light. The tentoxin-containing
regions were removed, chloroform added, and the
silica gel removed by filtration. Tentoxin
concentration was determined
spectrophotometrically in chloroform using a Cary 15
(e=12,050 at 284 nm).

A 3-hr treatment time and 100 uM tentoxin were
used in all experiments unless otherwise stated.
Before treatment, leaflets or epidermal strips from
broad bean, Vicia faba L., were kept in light 8,060
lux (750 ft-c) for 3 hr if the experiments were to be
done in the light. All plant material to be used for
experiments in the dark was kept in the dark for 12
hr before treatment.

Stomatal aperture was determined by the
silicone-rubber impression technique (8). The
impressions were made on the abaxial side of both
leaflets, whose petiole was immersed in the test
solution. Fifty randomly chosen stomata from four
leaflets were counted in each treatment. Light 8,060
lux (750 ft-c) was provided by an incandescent lamp;
the air temperature was 25 C and 15% relative
humidity.

The potassium content of the guard cells was
determined by use of Macallum’s cobaltinitrite
staining test (3). Epidermal strips from the abaxial
side of broad bean leaflets were floated on 10 mM
KCl1 with or without tentoxin. Staining was done for
30 min.

As shown in Table 1, tentoxin induced stomatal
closure on broad bean leaflets in the light, the extent
of which was directly related to concentration. A
solvent-processed blank medium had no effect on
stomatal aperture. The significant effect of low
tentoxin concentrations is in keeping with the
previous data in which 4 uM tentoxin was found to
reduce significantly the rate of transpirational water
loss (1). Using a 4-day treatment time, Saad et al. (6)

TABLE 1. Effect of different tentoxin concentrations on
stomatal aperture of broad bean leaflets

Tentoxin
concentration (uM)

300 1
100 1.
50 3.
5.
1.
1.

Stomatal aperture (u)?

oo
-2

10
1 1
0 1
4The data are the

measurements/ treatment.
b+ Standard deviation,
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means of 50 stomatal
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TABLE 2. Effect of 100 uM tentoxin (+T) on stomatal
aperture of broad bean leaflets

Treatment Stomatal aperture (u)?
Light® 10.4 + 2.9¢
Light +T 25432
Dark 0.2 +0.7
Dark ~C0, 4 16.1:28
Dark ~CO, +T 49127

AThe data are the means of 50 stomatal

measurements/ treatment.

birradiance = 8,060 lux (750 ft-c).

C+ Standard deviation.

dC()z—free air (-CO,) was passed over the leaflets in the
dark at 30 liters/hr.

had found that chlorosis could be induced in
germinating seedlings at a concentration as low as 0.5
uM. Besides inducing closure of stomata kept in the
light, tentoxin also inhibited the opening of those
kept in the dark when CO,-free air was passed over
the leaflets (Table 2). When epidermal strips were
used to obviate the possibility that tentoxin caused
stomata to close in the light because of a generalized
water deficit, the results were similar to those
previously obtained (control, 11.5 * 2.0 u;
tentoxin-treated, 2.8 * 3.3 u). The larger variation in
stomatal aperture noted with the tentoxin treatments
was not randomly distributed; rather we found
scattered clusters of 5-10 stomata were opened wider
than normal. This, perhaps, reflected a nonuniformity
in tentoxin distribution within the leaflet.

Recently, attention has been directed towards the
possibility that active transport of potassium into the
guard cells against a concentration gradient may be
responsible for subsequent stomatal opening (2). We
found by using epidermal strips of broad bean, that
potassium accumulated in the guard cells when the
stomata were open; i.e., in light and also in darkness
when CO, concentration was reduced (Fig. 1-A,D).
However, tentoxin treatment either abolished
potassium accumulation (Fig. 1-B) or severely
inhibited it (Fig. 1-E).

These data indicate that tentoxin’s effect on
transpiration is mediated by means of a reduction in
stomatal aperture, and that correlated with closure is
an abolishment of potassium accumulation by the
guard cells. This supports the idea that in vivo
tentoxin may act by inhibiting, in some manner,
potassium accumulation. Hence, it would be expected
that tentoxin might affect energy-generating
reactions.
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