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Depolarization-Activated K* Channel in Chara Droplets

Igor 1. Pottosin' and Pavle R. Andjus?*
Institute of General and Physical Chemistry, P.O. Box 551, 11000 Belgrade, Yugoslavia

A novel potassium channel was characterized in the droplet
membrane of Chara gymnophylla. This channel has a conductance
of about 90 pS (in symmetrical 0.15 m KCI), which is lower com-
pared to the 170-pS K* channel predominant in this preparation.
In contrast to the large conductance K* channel, the novel channel
opened with a delay at depolarization and closed at hyperpolari-
zation and did not require cytosolic Ca** for its opening. It also
showed comparatively weak selectivity for K* over other mono-
valent cations, although its cation to anion selectivity was high.
Externally or internally applied Cs* blocked the channel in a
voltage-dependent manner, similarly to the 170-pS channel. The
sensitivity of the 90-pS channel to external tetraethylammonium
chloride (half-blocking concentration approximately 1.5 mm) was
20-fold higher compared to the large conductance channel. With
respect to its voltage-gating kinetics, the 90-pS channel was iden-
tified as a “slow delayed rectifier.”

The membrane of the cytoplasmic droplet is easily patch-
clamped, thus providing an ideal model system to study ion
channels. Most common in this membrane is the large con-
ductance (about 170 pS in 0.15 m KCl), K*-selective channel,
which could be activated by hyperpolarization (cytoplasmic
side made negative) and micromolar cytosolic Ca** (Lithring,
1986; Laver and Walker, 1987, 1991; Bertl, 1989; Pottosin,
1990, 1992; Pottosin et al., 1993). An anion-selective channel
of lower conductance was also described in this preparation
(Tyerman and Findlay, 1989). However, there is increasing
evidence for the presence of another K* channel type in the
Chara gymnophylla droplet membrane, with lower conduct-
ance and different gating (Homble et al., 1987; Tyerman and
Findlay, 1989). This channel closed at membrane hyperpo-
larization where the concomitant activation of the other K*
channel type was observed. The K*-selective nature of this
channel was deduced mainly from its current reversal poten-
tial. In cell-attached patches a rare occurrence of this channel
was reported (Tyerman and Findlay, 1989), whereas in the
whole-droplet mode the macroscopic current produced by a
population of such hyperpolarization-deactivated channels
was prominent (Homble, 1987). No systematic study has
been carried out yet to elaborate the experimental protocol
that could allow for the separation of the current through
these channels from the current passing through the most
abundant K* channel type (170 pS).
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In this patch-clamp study of C. gymnophylla droplets we
were able to describe a K* channel type with gating controlled
solely by membrane depolarization. This allowed us to ex-
amine the properties of the novel potassium channel type
selectively by decreasing the free Ca** concentration at the
cytoplasmic face of the membrane to the nanomolar range
where the large conductance Ca**-activated channels were
generally inactive (at least at membrane potentials greater
than —100 mV).

MATERIALS AND METHODS

The green charophyte alga Chara gymnophylla was grown
on sand in aquaria filled with dechlorinated tap water. The
water temperature was regulated in the range of 20 to 25°C.
The aquaria were illuminated for 12 h/d using fluorescent
lamps (2700 lux). Although the algae were screened by
wooden panels from natural light, some influence of ambient
light was possible.

The internodal cells (10-30 mm in length, second to fifth
from the plant top) were the source of droplets. The prepa-
ration procedure was described by Bertl (1989) with modifi-
cations (Pottosin, 1992). Briefly, both cell ends were cut, and
the cell interior was perfused with a solution containing (in
mm): 150 KCl, 10 Hepes-KOH (pH 7.2), 0.05 or 1 CaCl,. This
procedure led to immediate formation of round vesicles (30—
60 ym diameters) containing cytoplasm. An aliquot of 100
mL of the preparation medium containing droplets was trans-
ferred to the experimental chamber on a Petri dish containing
3 to 5 mL of the same solution.

The microelectrodes were drawn into the experimental
chamber under positive pressure; releasing the pressure near
the droplet membrane caused the movement of the vesicle
toward the pipette tip and eventually resulted in a tight seal
(10-30 GQ). The standard technique (Hamill et al., 1981) was
further used to obtain inside-out and outside-out membrane
patches. Microelectrodes were pulled (model 51217 pipette
puller; Stoelting, Wood Dale, IL) from soft “molybdenum”
glass microtubes or from hard borosilicate glass (GC150F-15;
Clark Biomedical Instruments, Pangbourne, UK), and after
fire polishing, their resistance was 4 to 6 or 7 to 20 MQ,
respectively. The electrode-filling solution was the same as
in the bath (see above), but free Ca>* was buffered to 1.5 nm
using 1 mm EGTA and 5 mm K-citrate. Prior to an experiment
the pipette solution was filtered with a 0.22-um filter (Milli-

Abbreviations: DR, delayed rectifier; I/V, current-voltage; K(0),
zero voltage affinity; Ky, half-blocking concentration; P,, permeabil-
ity for ion x; SDR, slow delayed rectifier; TEA, tetraethylammonium
chloride; V,,, membrane potential difference; z’, effective valence.
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pore, Bedford, MA). Soft glass low-resistance electrodes were
used to obtain inside-out patches by electrode withdrawal in
a low Ca** (0.05 mm) medium, and outside-out patches were
obtained by breaking the membrane patch in the cell-at-
tached mode and by pipette withdrawal. The resting droplet
potential was also measured by current clamp in whole-
droplet configuration. High-resistance borosilicate glass elec-
trodes were used to obtain stable outside-out patches after
the vesicle formed at the electrode tip was disrupted by
applying a large negative potential (—200 mV for 1-2 s,
pipette interior relative to bath). These outside-out patches
usually contained a few or even one channel of interest, and
the low capacitance of the thick wall electrodes (2-3 pF)
enabled low-noise single-channel recordings. The selectivity
measurements were performed with the excised patches in
bi-ionic conditions where KCl in the bath was replaced by
NaCl, RbCl, or CsCl. Channel block was analyzed by substi-
tution of the bath solution with solutions supplemented with
10 to 15 mm CsCl or 1 to 5 mm TEA.

Recordings (filtered at 1 kHz, 4-pole Bessel) were made
with the EPC-9 patch-clamp amplifier (Heka Elektronik
GmbH, Lambrecht, Germany). Experimental control (moni-
toring, stimulation, acquisition, data storage) was performed
with the “EPC-9 SCREEN” program (Heka) on an Atari Mega
ST 4 computer. In pulsed experiments the command voltage
(pipette relative to the bath) was provided in the form of
rectangular or ramp wave pulses using the programmed pulse
generator. Data were analyzed with the “Review” and “TAC”
software packages (Instrutech, Elmont, NY). V,, was taken
with respect to the outside of the membrane (cytoplasm
minus exterior). The positive current is defined as the positive
charge flowing from the inside of the membrane (cytoplasmic
side).

RESULTS
General Observations

Two types of K* channels were identified in the membrane
patches isolated from C. gymnophylla droplets. The first one
was identified as the previously described Ca?*-activated K*
channel (Pottosin, 1990, 1992; Pottosin et al., 1993) with a
conductance of 170 pS (£0.6%) in symmetrical 150 mm KCl.
The other channel had a smaller conductance of 86 = 12 pS
(n = 14) in the same solution. The distinctive feature of the
latter channel was its strongly voltage-dependent kinetics. In
all of the patches examined (n = 42) it closed within several
seconds when the potential was stepped below —30 mV and
opened with a variable delay at potentials above +30 mV.
Between —30 and +30 mV much slower activation-deacti-
vation kinetics were observed, and once the channel opened
it showed only infrequent and brief closures. This behavior
was also preserved at larger negative potentials unless the
prolonged closure occurred, whereas at V,, > +30 mV the
channels showed flickering, which sharply increased with
potential increase (Fig. 1, continuous recording). The large
conductance channel, however, showed bursting behavior at
positive and negative potentials as well (Fig. 1, ramp and
continuous records). According to its gating behavior, the
lower conductance channel was identified as a SDR.
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The maximal expression of SDR was observed from March
until the beginning of April. During this period the activity
of large conductance Ca**-activated K* channe!s was greatly
diminished, and the activity of SDR could be monitored
without interference even at relatively high cytosolic Ca**
(0.05 mm). However, beyond this seasonal pericd the patches
usually contained about 10 Ca**-activated K* channels and
only 1 to 3 SDR channels (not shown). Resting potential of
droplets measured in this period was +5.8 + 0.8 mV (n = 8),
and by the beginning of April a bimodal distribution of V.,
was observed between the above positive value and a nega-
tive value, finally leaving only the negative V,, of —24 & 21
mV (n = 87). This seasonal behavior has been observed
during the course of 2 successive years.

Generally, to separate the two channels we decreased the
cytosolic Ca®* concentration to the nanomolar range. Thus,
the activation of the large conductance channel was shifted
to large negative potentials (<—100 mV) (Pottosin et al.,
1993). Figure 1 presents a rare case in which the activities of
both channels were recorded simultaneously at low Ca** (the
membrane patch contained at least three large conductance
channels, but only a few single, short openings were recorded
at this potential). As Figure 1 indicates, SDR did not require
cytosolic Ca®* for its opening. Furthermore, an increase of
cytosolic Ca** concentration of up to 1 mm did not produce
a significant effect on SDR kinetics (not shown). Also, the
channel was not affected by 5 mm ATP added to the cyto-
plasmic side (inside-out patches, n = 3). Therefore, it is likely
that the activity of SDR in isolated patches was controlled
solely by membrane potential.

Rectification in the SDR Channel

Figure 2 shows the current response of the paich containing
at least three channels to a voltage step from --60 to 60 mV
and vice versa. Upon the depolarization step, the activation
of SDR, initially silent at —60 mV, occurred with a delay;
hence, the time course of activation in the averaged trace in
Figure 2 (bottom) is sigmoidal. In contrast, immediate deac-
tivation of the channels occurred upon a hyperpolarizing
step, with a time constant of 2.45 + 0.25 = (outside-out
patches, n = 7). Therefore, it can be expected that the
macroscopic current originating from these channels will
show an outward rectification. However, the increase of
closures at large positive potentials should tend to moderate
this rectification. In addition, the I/V relationship of the open
channel in drop-attached patches showed significant inward
rectification, which was completely abolished after patch
excision (Fig. 3). These I/V characteristics were similar to
those obtained in the presence of a blocker (Cs*; see below),
which could imply that some cation present in the cytoplasm
exerted the inhibitory effect. Figure 3, ¢ and d, also shows
that the increase of current upon patch excision was followed
by a decrease of noise in the open state, which is exactly
what could be expected for the relief of blockade.

Selectivity and Blockade of the SDR Channel

Selectivity was determined by measurements of the I/V
relationship of the channel open state in outside-out patches
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Figure 1. Examples of recordings of two types
of channels on outside-out patches from the
droplet membrane of C. gymnophylia. Right,
I/V plots obtained from ramp-pulsed recordings
(~60 to +60 mV, 500 ms) of the lower con-
ductance (90 pS) channel, SDR (above), and of

PA

the higher conductance (170 pS) channel (Ca*-
dependent K* channel). Left, Continuous re-
cordings at membrane potentials (V) indicated
below each trace. Openings of two channels
differing in current amplitudes can be seen (Oa
and Ob; the closed state is indicated by the
horizontal interrupted lines). Ca in the bath
PA solution was 1 mm, buffered to 1.5 nm in the
pipette; symmetric 150 mm KCI.

40 80
mV

under bi-ionic conditions (KCl in the bath was replaced by
the same concentration of NaCl, RbCl, or CsCl). An example
of such 1/V curves is presented in Figure 4. Cation substitu-
tion at one membrane side caused a strong rectification of
the current flow, indicating low conductivity of the present
channel to alkali cations other than K*. Measurements of the
slope conductance of the inward current, which was pro-
duced mainly by cation influx from the bath, served as an
estimate for channel conductivity to different cations. Thus,
we estimated the mean conductance for Na* and Rb* of 9.0
pS (n = 8) and 4.7 pS (n = 17), respectively (n is the number
of 1/V traces used), whereas the conductivity to Cs* was
found to be immeasurably low. However, the relative perme-
abilities of the above ions as determined by reversal potential
measurements were significant, indicating a moderate selec-
tivity of the channel for K* over monovalent cations. The
following ratios of relative permeabilities were calculated
using the Goldmann-Hodgkin-Katz equation (value of rever-
sal potential * sE in parentheses): Pn./Px = 0.4 (—23 + 4 mV)
and Pry/Px = 0.7 (—8 £ 2 mV). The cation to anion selectivity
of this channel was high, since the reversal potential of —30
mV measured in a transmembrane gradient of 150/50 mm
KCl was close to the Nernst potential for K* (equilibrium
potential for K = ~28 mV). The relative permeability to Cs*
could not be determined because there was no detectable
current carried by this ion.

The inability to measure the Cs* current led us to investi-
gate the possible inhibitory effect of this ion. Figure 5 shows
typical I/V curves of the open channel obtained in the
absence and presence of 10 mm Cs™* at the external membrane
side. There are three regions in the I/V curve with Cs*: (a)
between +60 and 0 mV, where the channel conductance was
not affected; (b) between 0 and —90 mV, where strong current
suppression and a region of negative slope conductance was
observed; and (c) below —90 mV, where an upturn of current

was observed, implying that Cs* was forced to pass through
the channel, thus allowing the influx of K* jons. The middle
part of this trace has been fitted to the Woodhull model of
block (Woodhull, 1973) and gave the K(0) for Cs* of 80 mm
and the z’ = 1.35. The latter value was larger than unity,
which implied that at least two binding sites within the
channel pore could be simultaneously occupied by external
Cs* ions. A similar experiment on an inside-out patch re-
vealed a weaker voltage dependence for the internal Cs*
blockade, with K(0) = 60 mM and 2z’ = 0.5 (not shown).

We also examined the inhibitory effect of externally applied
TEA on the open state current (Fig. 6). Unlike Cs*, the
blockade by TEA (1.5 mm) was voltage independent, and Ky,
was 1.7 + 0.4 mM (outside-out patches, n = 3).

T

20.0pA

50s

Figure 2. Current response of an outside-out patch containing at
least three channels to the voltage step from —60 to 60 mV and
back. a, Single-pulsed recording; b, averaged recording from four
pulses. lonic composition of solutions was the same as in Figure 1.
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Figure 3. Inward rectification of the current through the single SDR channel in drop-attached patches and relief of
rectification after patch excision. a, I/V plot obtained by a ramp-pulsed recording (—60 to +120 mV, 500 ms; interrupted
line) on a drop-attached patch; continuous line is a polynomial fit to the ramp data; b, example of a continuous single-
channel recording from a different drop-attached patch at V., = 50 mV; the closed level line is aligned with the abscissa
in a, and the current amplitude scaling is the same as for the ordinate in a; ¢, IfV plot of the channel open state for two
different inside-out patches (i.e. open and filled circles; the line is a linear fit to all of the data); d, example of a continuous
single-channel recording at Vi, = 50 mV from the inside-out patch obtained upon excision of the drop-attached patch in
b; the closed level line and the current amplitude scaling are adjusted according to the plot in ¢, analogous to b versus
a. lonic conditions were the same as in Figure 1, except in ¢ and d, where Ca?* in the bath was 0.05 mm.

DISCUSSION
Channel Identification

This study provides several lines of evidence for the pres-
ence of a second K* channel type in the Chara droplet
membrane with specific properties distinguishing it from the
previously described large conductance Ca**-activated K*
channel (Pottosin, 1990, 1992; Pottosin et al., 1993). The
novel K* channel described here (SDR) had approximately

o

Figure 4. SDR channel selectivity: 1/V plots
from ramp-pulsed recordings (interrupted lines)
on different outside-out patches in bi-ionic so-
lutions where 150 mm KCl in the bath was
replaced by the same concentration of NaCl,
RbCl, and CsCl. Full line curves in the plots are
polynomial fits. Concentrations of Ca** were
the same as in Figure 1.

2-fold lower conductance and showed a weaker selectivity.
SDR opened at positive potentials where the large conduct-
ance channel was mainly closed and did not require cytosolic
Ca®* for activation. However, sensitivity to Ca** cannot be
excluded since it was not checked in situ. Using intradroplet
injection of Ca** while in drop-attached mode Katsuhara et
al. (1991) increased the open probability of a K* channel
resembling SDR in Nitellopsis obtusa (see below).

SDR also showed substantially higher sensitivity to exter-




Slow Delayed Rectifier in Chara gymnophylla 317

-10 b

"' conNTROL

-5 L

Figure 5. Cs block. Ramp-pulsed recordings (=120 to +60 mV, 500
ms) on an outside-out patch in the absence (CONTROL, interrupted
line) and presence (Cs*, full line) of 10 mm CsCl in the bath.
Concentrations of Ca®* and KC| were the same as in Figure 1.

nal TEA, with K, = 1.7 mm compared to 30 mu for the Ca?*-
activated K* channel. The SDR Ky, value is in good agreement
with 2.3 mum obtained for TEA block in the 100-pS channel
found in the Chara corallina droplet membrane (Homble et
al., 1987). Furthermore, the latter channel showed an inward
rectification in the drop-attached mode, with the average
conductance of approximately 35 pS at depolarizing poten-
tials, which is quite similar to the behavior of the channel
studied here (Fig. 3a).

Tyerman and Findlay (1989) also observed in C. corallina
droplets a channel with a similar voltage dependence and a
conductance of 60 pS, which was believed to be K* selective.
They also described another K* channel type with a con-
ductance of 100 pS. The lower conductance of these two K
channel types in C. corallina as compared to the values
obtained in this study could be explained as a consequence
of lower cytoplasmic K* concentration in their cell-attached
preparation (approximately 70 mm compared to 150 mM in
our experiments). It is unlikely that this difference was due
to the variation of K* channel properties in various charo-
phyte species (at least for the large conductance K* channel
in different species of Chara, the value of 170 pS in symmet-
rical 150 mm KCl is most often reported [Lithring, 1986; Laver
and Walker, 1987; Bertl, 1989}). Interestingly, Bisson et al.
(1989) found a 100-pS channel in the droplet membrane of
salt-tolerant Chara buckellii, which has a low K* to Na*
selectivity ratio (=2.5), which is comparable to the moderate
selectivity of the SDR channel. A K* channel with conduct-
ance (75 pS) and Py./Px ratio (0.2) similar to the ones in SDR
has also been reported for cytoplasmic droplets in N. obtusa
(Katsuhara et al., 1991). Therefore, it could be concluded that
the K* channel investigated here is in fact an obligatory
component of the droplet membrane in various characean
species.

The TEA sensitivity of the present channel could serve

well as an identification marker, since its K, value is 20 times
lower compared to the large conductance K* channel. The
Cs* blockade of 90- and 170-pS K* channels in C. gymno-
phylla droplets showed a common pattern, although the
former channel had relatively higher affinities for both exter-
nal and internal Cs* (compare this study to that of Pottosin,
1992). Moreover, the voltage dependence of the Cs* blockade
found here resembled even more closely the behavior of K*
channels of other origin, such as the DR in squid or the Ca**-
activated K* channel in smooth muscle (French and Shouki-
mas, 1985; Cecchi et al., 1987). Although distinguishing
poorly among various K* channels, Cs* is an ideal probe for
judging the presence of a specific K*-selective pore, thus
discriminating K* channels from other cation channels that
could also conduct K* ions. This test was necessary for
characterization of SDR since it showed only moderate selec-
tivity to alkali cations (based on bi-ionic equilibria).

Voltage Gating

The 90-pS K* channel identified here as SDR could prob-
ably account for the so-called “early inward current” observed
by Homble (1987) in whole-droplet configuration at hyper-
polarizing voltages. The decay kinetics of the current through
SDR (Fig. 2b) agrees well with the kinetics of this previously
reported macroscopic current (Homble, 1987). Moreover, our
experiments on whole droplets and outside-out patches con-
taining many 90-pS channels revealed the same kinetics
pattern of activation and deactivation of total current in these
preparations. Thus, depolarization-activated K* channels
were likely to dominate the whole-droplet conductance at
low cytosolic Ca?* and in the voltage range of —100 to +100
mV (LL Pottosin and P.R. Andjus, unpublished data). The
depolarization-activated K* channel (SDR) studied here
showed a characteristic delay in activation, reminiscent of
the DR class, previously described in plasma membranes of
many animal and higher plant cells (for review, see Schroeder
and Hedrich, 1989; Tester, 1990; Blatt, 1991; Hille, 1992).
The DR channels have a moderate selectivity compared to

pA

X

20 40 mV

Tl

3 ‘-‘_..{

CONTROL -6 r

Figure 6. TEA block. Ramp-pulsed recordings (—60 to +45 mV, 500
ms) on an outside-out patch in the absence (CONTROL) and
presence (TEA) of 5 mm TEA. The recordings were “digitally filtered”
by a running average procedure for n = 3. Concentrations of Ca?*
and KCl were the same as in Figure 1.
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other K* channel types (Latorre and Miller, 1983; Schroeder,
1988). However, the selectivity of a typical DR channel is,
nevertheless, higher, and its conductance (5-50 pS) is lower
compared to SDR. The latter channel also displayed much
slower kinetics of activation, in the range of seconds com-
pared to 107% s for the DR channel in squid axon (Hille, 1992)
or to 107" s in the outward rectifier in guard cell protoplasts
and in the plasmalemma of the alga Hydrodictyon (Findlay
and Coleman, 1983; Schroeder, 1989). It should be noted,
however, that the repolarization of plasmalemma in Chara
after the action potential spike occurs slowly (within seconds)
and is suggested to be due to the function of outwardly
rectifying K* channels that dominate the resting membrane
conductance in the ‘K state” (Bielby, 1986; Tester, 1988a,
1988b). Accordingly, the K* current and the late phase of the
action potential in Chara showed similar TEA sensitivities
(Tester, 1988a) comparable to the TEA sensitivity in SDR.

Origin and Tentative Role of the Channel

The vacuolar perfusion technique used here to obtain
droplets assures the tonoplast origin of the bounding mem-
brane with minimal contamination from the plasmalemma.
However, the possibility cannot be excluded that the droplets
could also be partly bound by newly formed membranes.
Similarly, new channels in the droplet membrane may be
formed from cytosolic precursors (Alexandrov and Alexan-
drova, 1990; Tester, 1990). These precursors could be for
tonoplast and plasmalemma channels as well. Therefore, to
check for the origin of SDR its characteristics were compared
to other known channels from both membranes.

The gating kinetics of SDR (i.e. delayed activation at de-
polarization and slow closure at hyperpolarization) resembled
closely the behavior of another slow-gating 100-pS K*-selec-
tive channel in the Acetabularia droplet membrane purported
to originate from the plasma membrane (Bertl and Grad-
mann, 1987; Bertl et al., 1988; df. figs. 10 and 11 in Bertl et
al., 1988, with Fig. 2 in this paper). Since the Acetabularia
droplet membrane is reported to be of plasmalemma origin
(Bertl and Gradmann, 1987), the SDR channel could be a
component of the same membrane in Chara, with the role in
membrane repolarization after excitation. However, in this
case it is necessary to assume that the voltage dependence of
the K* current is shifted to more negative potentials (Bielby,
1986; Blatt, 1991) in the diluted environment of the intact
cell (0.1-1.0 mm K*, compared to 150 mm K* in our
experiments).

On the other hand, there is substantial evidence that the
droplet membrane in Chara is at least partially made of
tonoplast (Liithring, 1986; Sakano and Tazawa, 1986; Bertl,
1989). The most frequently detected channel type in tono-
plasts of various plant tissues shares some properties with
SDR: comparable conductance, slow kinetics,-and voltage
dependence (Hedrich et al., 1986; 1988; Hedrich and Neher,
1987). But this tonoplast channel weakly discriminated be-
tween cations and anions (Hedrich et al., 1986; Tester, 1990),
was activated by micromolar cytosolic Ca®* (Hedrich and
Neher, 1987), and was mainly sensitive to anion channel
blockers, although it showed weak sensitivity to TEA (Hed-
rich and Kurkdjian, 1988). Therefore, that channel and SDR
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are unlikely to be related. Nevertheless, the existence of
specific channel type(s) in the characean tonoplast is not
excluded since this membrane also showed electrical excita-
tion, although impaired by the generation of an action poten-
tial in the plasmalemma (Lunevsky et al., 1983). The poten-
tials at cytoplasmic sides of both membranes are positively
shifted in the course of excitation; hence, their repolarization
could be caused by the function of similar outward rectifying
K* channels.

CONCLUSIONS

The 90-pS K*-selective and depolarization-activated chan-
nel was identified in the droplet membrane of C. gymnophylia.
This channel shared some properties with the K* DRs found
in plant and animal cells, albeit having much slower kinetics
than in known DR channels. The present SDR channel could
be distinguished from the previously described large con-
ductance K* channel in the same membrane by lacking Ca**
activation and by having different conductance, selectivity,
and gating characteristics and different sensitivity to blockers.
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