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A schistosome B subunit remodels inactivation of a
calcium channel via an N-terminal polyacidic motif
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The P subunit of high voltage-activated Ca?* (Ca,) channelstargetsthe pore
forming oz subunit to the plasma membrane and defines the biophysical phenotype
of the Ca, channel complex*2. Ca, channel inactivation following activation and
openingistightly regulated and is an essential property that not only prevents
excessive entry of Ca" into the cell but may also have functionsin signal
transduction®. The B subunit modulates Ca**-dependent and voltage-dependent
components of Ca, channel inactivation via itsinteraction with thel-II linker of the
o subunit®®. Here, using Ca,2.3 and whole-cell patch-clamp, we show that a
subunit from the human par asite Schistosoma mansoni (Bsm) acceleratesinactivation
via aunique, long N-terminal polyacidic motif (NPAM). The accelerating effect of
NPAM -containing subunits, both native sy and chimeric mammalian By, B2a and B3
subunitsto which NPAM had been attached, was only apparent when Ca** was
internally buffered with BAPTA (5 mM) or when Ba*" was used asthe charge
carrier, two commonly used strategies to eliminate Ca?*/calmodulin dependent
inactivation. These resultsindicate that calmodulin is not involved. In addition to
accelerating inactivation, NPAM -containing B subunits significantly reduced current
density with respect to their non NPAM -bearing counter parts. I nterestingly, when
theamino acids N terminal to NPAM wer e deleted, inactivation of Ca,2.3 currents
was faster than in the presence of the entire N-terminal portion of the Bsy subunit, as
if the pre-NPAM region counter acts the effect of NPAM. Presence of NPAM also
resulted in currentsthat activated faster, suggesting that NPAM increases open
channel probability. However, NPAM does not modulate inactivation gating. In
summary, this study identifies a structural determinant of Ca, channel inactivation
that isentirely unlike those previously known.

Fast inactivation of the Ca,2.3 channel has a Ca*"/calmodulin-dependent component that
is manifest when intracellular buffering is reduced to minimum, physiological levels®”.

Therefore, in the presence of mild buffering of intracellular Ca**, Ca,2.3 inactivates by a

Ca*"-independent mechanism, which remains incompletely understood. In this study we
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compare currents produced in three different intracellular buffering conditions: no
chelators (which presumably is comparable to the use of 20 uM EGTA”), “physiological”
buffering with 0.5 mM EGTA®, and strong buffering with 5 mM BAPTA®’. Whole-cell
currents produced by HEK cells stably expressing Ca,2.3 and dialyzed with non-chelating
solution, which allows accumulation of intracellular Ca®", inactivate significantly faster
than currents from cells dialyzed with 0.5 mM EGTA, and these inactivate faster than with
5 mM BAPTA (Fig. 1a). In all buffering conditions, currents were optimally fitted by 2-
exponential functions that presumably represent fast and slow components of inactivation.
The fast component of inactivation in the presence of BAPTA was significantly larger
(i.e., slower) than that displayed in the absence of buffers or in the presence of 0.5 mM
EGTA. The fast component of inactivation in the presence of 0.5 mM EGTA was
significantly slower than when no chelators were added (Fig. 1b). This result suggests that
0.5 mM EGTA partially chelates the Ca** signal produced by Ca,2.3 channels alone.
Consistent with these kinetic values, the fast component of inactivation contributed less to
total inactivation in the presence of intracellular buffering than in its absence (Fig. 1d).
The time constant of the slow component of inactivation was less affected by the
intracellular buffering conditions (Fig. 1c), consistent with the notion that the slow

component of inactivation in Ca,2.3 is largely Ca2+—independent.

When Ca,2.3 was coexpressed with the B subunit from S mansoni that most resembles
mammalian B subunits®”, the kinetics of the fast component of inactivation of Ca,2.3
appeared resistant to intracellular chelation (p > 0.05, 1-way ANOVA; Fig. 2a left).
However, in the presence of By, and B,, (but not 33), this same fast inactivating component

was significantly slowed by 5 mM BAPTA (p <0.001, 1-way ANOVA with Bonferroni



post-test; Fig. 2b-d, left), consistent with a previous report using BzaG. In a search for
structures that could be responsible for this phenomenon, we identified an uncharacterized
long N-terminal poly-acidic motif in Bs, (NPAMj3.44, Table 1) that does not occur in
mammalian B subunits. As a first approach to test whether NPAM3(.44 was responsible for
this apparent insensitivity of Try to BAPTA, we generated a mutant of s, that lacks the
NPAM-encompassing first 44 amino acids (Bsmaz-44), and complementary mutant
mammalian 3 subunits to which this N-terminal region of Bs,, was attached, thus
producing chimeric schistosome/mammalian B subunits. Coexpression with Bsmaz-44,
which lacks NPAM, resulted in a recovery of the sensitivity of the fast component of
inactivation to 5 mM intracellular BAPTA (Fig. 2a, right). The reverse experiment
corroborates this result, as coexpression with chimeric schistosome/mammalian [3
subunits, which contain NPAM, masked the sensitivity of inactivation to intracellular
BAPTA (Fig. 2b-d, right). The acceleration of the fast component of inactivation by
NPAM in the presence of BAPTA was concomitant with an increase in its contribution to
total inactivation (Suppl. Fig. 1). Presence of NPAM also accelerated the slow kinetic
component of inactivation when intracellular 5 mM BAPTA was used (Suppl. Fig. 2).
Because BAPTA eliminates Ca2+-dependent inactivation of Ca,2.3 channelsG, these data
suggest that NPAM accelerates an inactivating process that is Ca®-independent, putatively
voltage-dependent inactivation (VDI). Ba*" currents also inactivated significantly faster in
the presence of NPAM-containing 3 subunits than in the presence of NPAM-lacking [3
subunits (Fig. 3), which rules out the involvement of calmodulin'®. In contrast to Ca*"
currents, when Ba®" was used as the charge carrier, NPAM did not significantly accelerate
the slow component of inactivation, except in the case of B2, (Fig. 3, right side of the

panels) . Since polyacidic clusters in other voltage-gated ion channels are involved in



Ca’" binding'"", a model in which a putative BAPTA-refractory, Ca**-sensing function of
NPAM leads to fast inactivation cannot be excluded. The reduction of Ca*" (or
substitution of Ba2+) would unmask this putative property of NPAM that ordinarily cannot

be seen due to overriding the effects of CDI.

Whole-cell currents from cells co-expressing N-terminally truncated Bsy, were smaller than
those produced in the presence of wild-type Bsm. Averaged current density-voltage plots of
Bsm as well as chimeric mammalian 3 subunits show that this difference was significant in
all cases except for By, (Fig. 4). Thus, the N-terminus of Bs,, appears to be multifunctional,
with roles in inactivation kinetics and determining levels of current density, as well as in
current run-down, as we have previously described". To determine whether different
regions of the N-terminus of Bs, are responsible for accelerating inactivation and
modulating current density, two additional mutant versions of Bsy, were generated: Bsmaa-
17, which lacks the first 17 amino acids, and Bsma2-24, which additionally lacks a short
acidic motif, at position 18-24 (Fig. 5a). Both of these constructs leave the longer, NPAM
region intact. Interestingly, Ba®" currents inactivated faster in the presence of either
deletion mutant (Bsmaz-17 Or Bsmaz-24) than in the presence of the wild type subunit (Fig.
5b), suggesting that the region of Bsy, N-terminal to NPAM somehow moderates the
accelerating effect of NPAM on inactivation kinetics. Kinetic analyses show that the fast
component of inactivation was especially affected by these deletions (Fig. 5c¢, d). Our
finding that shortening the length of the B subunit N-terminus accelerates inactivation
contrasts with previous studies showing that inactivation rate is increased by the presence
of a longer B subunit N-terminus, regardless of the amino acid composition'*"*. We also

found that the pre-NPAM segment has no effect on current density (Fig. 5¢). The short



tyrosine-containing acidic motif at position 18-24 of s, appears to play no role in
inactivation or current density, but perhaps it is relevant to membrane association, by

analogy with the motif EEEEDYEEE in the C-terminus of By,'°.

Another interpretation is that NPAM accelerates inactivation of Ca,2.3 by interacting with
structures that mediate VDI. The molecular mechanisms and structures involved in VDI of
Ca, channels are, however, incompletely understood. Using hybrid Ca, channels that
contain parts of rat Ca,2.1 and parts of marine ray Ca,2.3, it appears that the S6 segments
of all four domains of Ca,2.3 are relevant to VDI via constriction of the pore''®.
However, because the I-11 linker largely contributes to determining the rate of inactivation,
an alternative model has been proposed in which the I-II linker functions as a hinged lid,
or inactivation ball, which docks at domain II, III, or both’. Since the B subunit interacts
with the AID motif on the I-II linker'®, B subunits might have a function as part of the
hinged lid, with perhaps the 3 subunit N-terminus as an important structure in this model,
especially because its size appears to correlate with its ability to induce fast inactivation'*
B, Interestingly, domain III of Ca,2.3 is involved in both inactivation kinetics and
inactivation gating, but domain II appears to determine inactivation kinetics exclusively”.

According to a model proposed by Aldrich and collaborators'® >’

, a slowing in
macroscopic inactivation may be the result of a delay in channel opening at the single
channel level. Therefore, if channel opening is delayed, many channels would open while
the channel inactivates, thus slowing macroscopic inactivation, and vice versa. Indeed, we
observed faster activation of the currents when NPAM was present (see current traces in

Figs. 2 and 3). Fitting the activating portion of the inward currents to single exponential

functions yielded time constants of activation (Ta) for all channel combinations. In all



cases, T, Was smaller (faster activation) in the presence of the NPAM-bearing 3 subunits
than in the presence of the corresponding 3 subunit without NPAM, in agreement with this
model. In the case of B,, and [3;, this difference was statistically significant (Table 2).

Therefore, NPAM could also induce fast inactivation but promoting fast channel opening.

Since some structures of Ca, channels are involved in both inactivation kinetics and
inactivation gating, we wanted to know whether the N-terminus of Bsy, would also affect
inactivation gating. To this end, we applied a steady-state inactivation voltage protocol to
Ca,2.3-HEK cells expressing NPAM-containing 3 subunits or NPAM-lacking subunits.
Whereas the midpoint of steady-state inactivation is also Ca**-dependent, and remodelled
by B subunits (Suppl. Fig. 3) -consistent with the notion that Ca*"-dependent inactivation
inhibits channel opening induced by depolarization from a resting potential’- the presence
of the NPAM-containing N-terminus of Bs;, did not modulate steady-state inactivation
under any intracellular buffering scenario. Figure 6 compares steady-state inactivation in
the presence of 5 mM BAPTA. If NPAM interacts directly with structures that specifically
determine inactivation kinetics, domain II appears to be a good candidate, as it does not

affect inactivation gating’.

In summary, we have identified a structural determinant of Ca, channel inactivation that
greatly differs from those previously known. This structure is a long poly-acidic motif in
the N-terminus of a Ca, [ subunit that, to date appears exclusively in parasitic flatworms
(Table 1). We hypothesize that the effects of this structure on inactivation and current

density represent a mechanism that restricts Ca®" entry and ensures the viability of the



parasite. Disruption of this unique mechanism for maintenance of Ca*" homeostasis may
provide a useful strategy for new antihelminthic therapies.

Ca,2.3 voltage-gated Ca®" channels play important roles in synaptic transmission®'>*,
secretion” 2 and long-term potentiation®’. Ca,2.3 functionally interacts with many B
subunits in heterologous expression systems®**’. Given the portability of the NPAM
function onto mammalian 3 subunits and the potential of B subunits as targets for genetic
therapy™’, NPAM might become useful to reduce excessive Ca®” and/or exocytosis in

pathological conditions such as ischemia.

M ethods Summary

Céll culture and transfection. HEK cells stably expressing the Ca,2.3 channel
were cultured as previously described'?. Cells were transiently transfected with B

constructs using the calcium phosphate method.

DNA constructs. Using standard methods, we cloned all 3 subunits into the
pXOOM vector’' which contains the gene for green fluorescent protein (GFP) as a marker

for transfection.

Construction of B chimeras. Chimeric Bs;, /mammalian [ subunits were created
by first amplifying by PCR the amino terminal region of Bsy (corresponding to amino
acids 1-63) and the coding region of the mammalian [ subunits, using primers with
appropriate restriction sites. The amplified regions were purified, digested with restriction
enzymes, and ligated together. The sites in the mammalian 3 subunits at which the NPAM

was added correspond to amino acid #7 for B;,, amino acid #9 for B,,, and amino acid #6



for B3. Chimeric constructs were ligated into the pXOOM vector. The 3., chimera

maintained the two N-terminal cysteine residues required for palmitoylation™.

Electrophysiology. We performed whole-cell patch-clamp of HEK cells stably

transfected with Ca,2.3.

Full methods accompany this paper.
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LEGENDS

FIGURE 1. Ca?*-dependent inactivation of Ca,2.3 is suppressed by mild chelation.

a, Ca,2.3 currents elicited by a depolarizing pulse to +30 mV from a holding potential of
-80 mV in the absence of internal chelators and in the presence of 0.5 mM EGTA or 5 mM
BAPTA. b, Average values for the fast (predominant) time constant of inactivation (Tgs)
for Ca,2.3 in zero internal chelation (open bar), 0.5 mM EGTA (grey) and 5 mM BAPTA
(black). c, Average values of the slow time constant of inactivation (1) for Ca,2.3 in

zero internal chelation, 0.5 mM EGTA (grey), and 5 mM BAPTA (black). d, Percentage
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contribution of the fast component of inactivation to total inactivation in zero internal
chelation (open bar), 0.5 mM EGTA (grey) and 5 mM BAPTA (black). e, Percentage
contribution of the slow component of inactivation to total inactivation in zero internal
chelation (open bar), 0.5 mM EGTA (grey) and 5 mM BAPTA (black). Bars represent

mean + s.e.m. ** P <0.01, One-way ANOVA with Bonferroni post-test (n = 4-16).

FIGURE 2. B subunitswith N-terminal poly-acidic motif (NPAM) acceler ate the fast
component of inactivation of Ca®* currents produced by Ca,2.3 when the
intracellular solution contains5 mM BAPTA.

a-d, Whole-cell Ca,2.3 currents elicited by a depolarizing pulse to maximum peak current
from a holding potential of -80 mV in the presence of internal 5 mM BAPTA with the
following coexpressed B subunits: Bsy, or the N-terminally deleted Bsmaz-44 (), Bib o1 the
chimera NPAM-f3y; (D), B2. or the chimera NPAM-B,, (C), B; or the chimera NPAM-f3;
(d). Current amplitudes are normalized to highlight the differences in inactivation kinetics.
Plotted below the current traces are average values of the fast time constant () of
macroscopic inactivation for Ca,2.3 channels coexpressed with wild type and modified 3
subunits for each intracellular buffering milieu. The fast T was derived by 2-exponential
fits of the inactivating portions of Ca*” currents produced by HEK cells dialyzed with non-
chelated solution (open bars) or with solution containing 0.5 mM EGTA (grey bars) or 5
mM BAPTA (black bars). Bars represent mean + s.e.m. *P <0.05, **P <0.01, ***P <
0.001 (asterisks above bars), One-way ANOVA with Bonferroni post-test (n = 3-13). Stars
within bars indicate statistically significant difference between wild-type and modified 3
subunits for the same intracellular buffering milieu; *P < 0.05, **P < 0.01, ***P < 0.001,

unpaired Student's t-test. Welch’s corrections were applied when the variances were
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significantly different. Supplementary Table 1 shows average values for fast and slow time
constants of inactivation for all channel subunit combinations under all three buffering

conditions.

FIGURE 3. B subunitswith N-terminal poly-acidic motif (NPAM) acceler ate
inactivation of Ba?* currents produced by Ca,2.3.

a-d, Whole-cell Ca,2.3 currents elicited by a depolarizing pulse to maximum peak current
from a holding potential of -80 mV in the presence of internal 5 mM BAPTA with the
following coexpressed 3 subunits: Bsy, or the N-terminally deleted Bsmaz-44 (), B1p or the
chimera NPAM-f;;, (D), B2a or the chimera NPAM-3,, (C), B3 or the chimera NPAM-[3;
(d). Current amplitudes are normalized to highlight the differences in inactivation kinetics.
Plotted below the current traces are average values of fast and slow time constants of
macroscopic inactivation for Ca,2.3 channels coexpressed with wild type and modified 3
subunits for each intracellular buffering milieu. Time constants of inactivation were
derived by 2-exponential fits of the inactivating portions of Ba>* currents produced by
HEK cells. Bars represent mean + s.e.m. * P <0.05, **P <0.01, ***P <(0.001, unpaired
Student's t-test. Welch’s corrections were applied when the variances were significantly
different. Supplementary Table 2 shows average values for fast and slow time constants
of inactivation for all channel subunit combinations using Ba®" as the charge carrier. N =

3-7.

FIGURE 4. Current density islarger in the presence of N-terminal poly-acidic motif

(NPAM)-bearing B subunitsthan in the presence of NPAM -lacking B subunits
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a-d, Density of whole-cell Ca,2.3 currents as a function of voltage. Depolarizing voltage-
steps were delivered from a holding potential of -80 mV. Currents were recorded in the
presence of the following coexpressed B subunits: Bsy, or the N-terminally deleted Bsmaz-44
(@), Bip or the chimera NPAM-By, (D), B2, or the chimera NPAM-[3,, (C), B3 or the chimera
NPAM-f3; (d). Open circles represent data obtained with 3 subunits that naturally or
artificially lack NPAM, filled circles represent data obtained with B subunits that naturally
or artificially contain NPAM. Current density-voltage relationships for Ca,2.3 channels
expressed alone are also shown (squares) for a comparison. Data points represent mean +

S.C.m.

FIGURE 5. Deleting the N-ter minal segment that precedesthe NPAM of Bsm

acceler ates macr oscopic inactivation of Ca,2.3 Ba** currents but does not influence
current density.

a, Diagram showing the structure of the N-terminus of s, and deleted versions that lack
amino acids 2-17, amino acids 2-24 that contain a short polyacidic motif, and amino acids
2-44, which additionally lack the long polyacidic motif (NPAM). b, Comparison of
macroscopic Ba>" currents of Ca,2.3 in the presence of the deletion mutants A2-17 or A2-
24. c-d, Average values for the fast time constant of inactivation (C) and slow time
constant of inactivation (d) for Ca,2.3 in the presence of BsmA2-44 (open bars), wild type
Bsm (black bars), BsmA2-17 (grey bars), or BsmA2-24 (stripped bars). €, Current density-
voltage relationships in the presence of BsmA2-17 (n =9), BsmA2-24 (n = 7), or in the
absence of [ subunits (n = 3). See Fig. 4a for a comparison with wild type Bsn,. Data points

represent mean =+ s.e.m. One-way ANOVA with Bonferroni post-test, *P < 0.05, **P <

0.01, ***P <0.001. N = 3-7.
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FIGURE 6. The N-terminus of Bsn does not modulate steady-state inactivation of
Ca,2.3 channels.

a-d, Comparison between steady-state inactivation of Ca,2.3, using Ca*" as the charge
carrier and 5 mM internal BAPTA for Bsy, (filled circles) and Bsmaz-44 (Open circles) (a),
for By (open circles) and NPAM-B, (filled circles) (b), for ., (open circles) and NPAM-
B2a (filled circles), and for B3 (open circles) and NPAM-P5 (filled circles). Data points
represent mean + s.e.m. (n = 3-6). Solid lines represent Boltzmann fits to the data.
Supplementary Table 3 shows average values for midpoints of steady-state inactivation for

all channel subunit combinations under various internal buffering conditions.

SUPPLEMENTARY FIGURE 1. Percentage contribution of the fast component of
macr oscopic inactivation to total inactivation of Ca** currentsof Ca,2.3islarger in
the presence of N-terminal poly-acidic motif (NPAM)-bearing B subunitsthan in the
presence of NPAM -lacking B subunits, but only when Ca*" dependent inactivation
has been suppressed with internal BAPTA.

a-d, Percentage contribution of the fast time constant of inactivation to total inactivation
of Ca,2.3 channels coexpressed with wild type and modified B subunits: Bsy, or the N-
terminally deleted Bsmaz-44 (8), Biv or the chimera NPAM-B,, (D), B2a or the chimera
NPAM-f,, (C), B3 or the chimera NPAM-f3; (d), in different intracellular buffering
conditions: no buffering (open bars), buffering with 0.5 mM EGTA (green bars), and
buffering with 5 mM BAPTA (blue bars). Bars represent mean + s.e.m. *P <0.05, **P <
0.01, ***P < 0.001 (asterisks above bars), One-way ANOVA with Bonferroni post-test (n

= 3-13). Stars within bars indicate statistically significant difference between wild-type
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and modified B subunits for the same intracellular buffering milieu; *P < 0.05, unpaired
Student's t-test. Welch’s corrections were applied when the variances were significantly

different.

SUPPLEMENTARY FIGURE 2. The slow component of macr oscopic inactivation of
Ca”* currentsof Ca,2.3isfaster in the presence of N-terminal poly-acidic motif
(NPAM)-bearing B subunitsthan in the presence of NPAM -lacking B subunits, but
only when Ca®*-dependent inactivation has been suppressed with internal BAPTA.
a-d, Average values of the slow time constant of macroscopic inactivation (1) for Ca,2.3
channels coexpressed with wild type and modified B subunits: Bsy, or the N-terminally
deleted Bsmaz-44 (@), B1v or the chimera NPAM-B,y, (D), B2, or the chimera NPAM-B,, (C),
B3 or the chimera NPAM-f3; (d). The slow T was derived by 2-exponential fits of the
inactivating portions of Ca®" currents produced by HEK cells dialyzed with non-chelated
solution (open bars) or with solution containing 0.5 mM EGTA (green bars) or 5 mM
BAPTA (blue bars). Bars represent mean + s.e.m. *P <0.05, **P <0.01, ***P <0.001
(asterisks above bars), One-way ANOVA with Bonferroni post-test (n = 3-13). Stars
within bars indicate statistically significant difference between wild-type and modified 3
subunits for the same intracellular buffering milieu; *P < 0.05, **P < 0.01, ***P < 0.001,
unpaired Student's t-test. Welch’s corrections were applied when the variances were

significantly different.

SUPPLEMENTARY FIGURE 3. B subunits modulate the sensitivity of steady-state

inactivation of Ca,2.3to theintracellular buffering environment.
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a-i, Steady-state inactivation curves of Ca,2.3 in different intracellular buffering
environments expressed alone (a), in the presence of sy, (b), the N-terminally deleted
Bsmaz-44 (C), Bivb (d), the chimera NPAM-P;;, (€), B2a (f), the chimera NPAM-f3,, (9), B3 (h),
or the chimera NPAM-B; (i). Ca®* was the charge carrier. Intracellular conditions were: no
buffer (grey circles), 0.5 mM EGTA (green triangles), or 5 mM BAPTA (blue triangles).
Solid lines represent Boltzmann fits to the data. j, average midpoints of steady-state
inactivation for the same channel subunit combinations as above in the same intracellular
buffering conditions: no buffer (grey bars), 0.5 mM EGTA (green bars) and 5 mM
BAPTA (blue bars). Data points represent mean = s.e.m. (n = 3-6). *P < 0.05, **P < (.01,
*#%P < 0.001 (asterisks above bars), One-way ANOVA with Bonferroni post-test.
Supplementary Table 3 shows average values for midpoints of steady-state inactivation for

all channel subunit combinations under various internal buffering conditions.



Table 1

Species Acc. # Sequence Position
Schistosoma mansoni AY033599 EEYDDEEYCDRADDDDD DEEEDDDEDDYKEE 17-24, 3044
Schistosoma japonicum  CAX82734 EEYDDEEYCDRADDEDDDEEEDDDEDD YKEE 17-24, 3044
Taenia solium AY624029 DGEDDDED 34-41
Clonorchis sinensis AB267713 EEDEDEEEEDEDEEEVDEEEGEY GEGEDDEEDEDEEE 23-60
Schmidtea meditteranea  EG348863 EL SFEEEKE 17-25*
Dugesia japonica FJ4839%40 ELSLEEEKE 17-25

*putative position, by alignment with the corresponding sequence in Dugesia japonica.
Table 1. Amino acid sequence of N-terminal polyacidic clusters in B subunits of four

parasitic (Schistosome mansoni, S japonicum, Taenia solium, and Clonorchis sinensis)
and two free-living platyhelminths (Schmidtea mediterranea and Dugesia japonica).

Table 2

Tactivation

Bsubunit - NPAM + NPAM

Bsm 5 7i0s @ 21:0(7)
Buo 26+03(5) 21+02(4)
Ba 51403 () 18+0.4(@3)
Bs

22+01(3) 15%0.1(3)*

Table2. Activation time constants (Tactivation) Of Ba’" currents produced by Ca,2.3
channels in combination with wild type and mutated B subunits from Schistosoma
mansoni (Bsy,) and mammals. Tyctivation Was derived from single exponential fits to
the activating portion of the inward currents. The N-termini of mammalian
chimeric B subunits corresponds to the N-terminus of Bsn,, which contains a long
polyacidic motif of 15 glutamate and aspartate residues (NPAM). Data represent
mean + s.e.m. N is shown in parentheses. * p < 0.05, unpaired Student t-test, with
respect to the same [ subunit lacking NPAM. N = 3-7.
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