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Fig. 1. Channel recordings and subconductance states of the 450
pS TNSC. Single channel currents were measured at a symmetric
condition of 100/100 mM KCI by changing the holding potentials from
—40 to 40 mV. (A) Single channel currents obtained at various holding
potential (upper) and subconductance states at —40mV (lower). Arrow
at the left of each current trace represents the current level of closed
channel. Symbols, O,, O,, and O,, indicate the open states of 105, 257,
and 450 pS subconductance states, respectively. (B) Current vs. voltage
relationships of the subconductance states.
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Fig. 2. Ion selectivity of TNSC measured by KCl and NaCl. Ion
selectivity of TNSC was measured at the asymmetric conditions.
Additional 50 mM KCl (@) or NaCl (A ) was added to the cis side
of lipid bilayer. Single channel cuifents were measured at various
holding potentials and current vs. voliage relationships were drawn at
corresponding  conditions. These data present three trials of the

experiments.
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Fig. 3. Effects of various metal ions on the open probability of
TNSC. The effects of bivalent and trivalent metal ions were measured
at symmetric ionic conditions. Indicated metal ion at 100 uM was
added to the cis side of a PE/PS membrane and open probability (Po)
of TNSC was measured at —40 mV by pClamp software (n=2-5).
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Fig. 4. Zn*-induced inhibitions of subconductance states of TNSC. Single channel currents were recorded in the absence (Con) or in the presence
of 1 mM Zn™ in symmetric solution at —40mV (left). Amplitude distribution histograms shown right are corresponding to the current traces shown left.
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Fig. 5. Concentration-dependent inhibitory effects of AI* on
TNSC. Single channel currents were recorded at —40mV in the
absence (Con) and presence of AP* at 100 uM and 1.5 mM.
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Fig. 6. Transition of TNSC gating by Cd*. (A) Single channel
currents were obtained at 40 mV in the absence (Con) and presence
of 100 uM Cd*. (B) The transition of gating from a long-opening
state (A) to a transient-opening state (@) by Cd**. Dwell time
distribution was calculated by pClamp program from the continuous
recordings of each condition. These data present three trials of the
experiments.
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Characterization of an Ton Channel Prepared from Tomato Roots and Inhibitory Effects by Heavy Metal lons
Dae-Seop Shin, Min-Woo Han, and Young-Kee Kim* (Deparmment of Agricultural Chemistry, Chungbuk National
University, Cheongju, Chungbuk, 361-763, Korea)

Abstract: In order to characterize ion channels present in tomato roots, microsomes were incorporated into an
artificial lipid bilayer arranged for electrophysiological analysis. Of the five different ‘ion channels that could be
found, a channel of 450 pS conductance was found most frequently. This channel displayed subconductance states
of 450, 257 and 105 pS. All subconductance states showed linear current-voltage relationships. At positive holding
potentials, high frequency of transient channel openings was observed; however, at negative potentials, the open times
were long and open probability high. Po was 0.83 at —40 mV. When an additional 50 mM K* or Na™ was added to
the cis side of bilayer, the reversal potentials shifted in the negative direction to near —10 mV. Thus, the 450 pS
cation channel selects poorly between K* and Na'. In the presence of 100 uM metal ions, the channel activity was
severely inhibited by La*, Ba®, and Zn®, and Po was decreased to 0.2 or even less. However, A" and Cd™
decreased the activity by only 20%. Interestingly, each metal ion showed different kinetics of channel inhibition.
While 500 uM La™ inhibited the activities of all subconductance state, 1 mM Zn** inhibited all except the 105 pS
state. Cd* changed the gating of the channel from a long-opening state to brief transient openings even at negative
holding potentials. These data represent that the metal ions may have different binding sites on the channel protein
and could be useful modulators and probes to investigate structural characteristics as well as the functional roles of
the 450 pS channel on the root physiology.

Key words: tomato roots, ion channel, heavy metal, ion selectivity, subconductance
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