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Response: The  analysis by Vaupel et al. 
allows the extension of our data in wavs 
that we (1 ) did not originally envision and 
urovides a much better fit of the raw data. 
The  slope of the Gompertz curve changes 
at  8 days of age, but mortality still contin- 
ues to increase expollentially until the end 
of life. However, large errors in the esti- 
mation of mortalitv rates late in life. 
which result from the small number of 
deaths during this period, prevent us from 
determining the accuracy of this state- 
ment with a high degree of precision. 

1 find the statements from Curtsineer et " 
al. to be convincing, and these precautions 
seem to adequately rule out the possibility 
that there was significant contamination 
by progeny in the aging cohorts displayed 
in their earlier report (2) .  Nevertheless, 
any significant amount of progeny con- 
tamination can produce a huge artifact 
when only a small minority of the starting 
population are being examined as is done 
in examinine the oldest old. Great care " 
must be taken to avoid it. 

The  analvses conducted bv Wane et al. 
purport to show (i) that a ~ n b n ~ a r a i e t r i c  
locally weighted least squares method" 
provides a better fit (3 )  and detects a 
decrease in mortality rates at "between 8 
and 10 davs" and (ii) that each of the 79 . , 

genotypes analyzed in our report (1 ) thern- 
selves appear to be composed of two 
slopes. W e  completely concur on  the first 
aspect of their analysis (4). However, we 
are uncertain that the deviations from the 
exponential curve are biologically signifi- 
cant. It remains to be demonstrated that 
the details of these deviations from the 
Gornpertz will be replicated in further 
analyses. It is our opinion that experimen- 
tal replication, not extensive mathernati- 
cal analyses, should be the critical basis for 
testing theories in this area. " 

We disagree on the second aspect of the 
comment by Wang et al. The analyses have 
a high inherent inaccuracy because the 
analvsis is based on  total cohorts of 30 
anilials or less. Many of the individual es- 
tilnates of age-specific rates of mortality are 
based on  none or only a single death in a 
given time period. However, too few details 
are uresented to allow us to determine the 
accuracy of the methodology. W e  do agree 
that there was censoring of the data [this 
was stated in the original report ( I )]  and 
that this censoring has resulted in appar- 
ently higher mortality rates early in  life. In 
analyzing this data, Wang et al. suggest 
that the four quartiles behave synchro- 

nously; because the division into quartiles 
was based on  mean life span ( I ) ,  it is not 
unexpected that there is a fairly uniform 
distribution of mean life span in each 
auartile. However, the mean life suans of 
these Rls are distiibuted essentialiy nor- 
rnally (5 ,  6) and all RIs are derived from 
crosses between the Bristol and Bergerac 
wild-type strains of C .  elegans (5, 6 ,  7). 

The  principal problem with the analyses 
put forth by Wang et al. is twofold. First, the 
small population size results in considerable 
inaccuracy in the estimates of mortality 
rates and the rates estilnated could be off by 
several orders of magnitude. Second, Wang 
et al. found absolute mortality rates early in 
life to ranee from to lop6. which can " 
be compared with our estimates of lop3  or 
less (1, 5, 8)  in populations of about 200 
worms. Error estimates in the latter two 
studies (5, 8 )  were obtained directly by 
analysis of the four component populations, 
each of 50 worms, and direct estimation of 
error. The standard error of the mortalitv 

Before the methods proposed by Wang 
et al. are acceuted for the analvsis of mor- 
tality in small cohorts, they should show 
that their procedure allows the accurate 
reconstruction of the original mortality 
rates with the use of small, simulated data 
sets. One  could simulate a population of 
organisms dying with exponential kinetics 
to see if their analytic method would gen- 
erate an exponential model after sampling 
populations of size 30. Indeed, one of the 
principal arguments put forth in an earlier 
study "is that it may not be possible to 
determine the mortality pattern of a spe- 
cies from data on  100 or even fewer indi- 
viduals . . ." (3,  p. 460). 

Thomas E. Johnson 
Institute for Behavioral Genetics, 

University of Colorado, 
Boulder, C O  80309-0447, USA 

REFERENCES 

1. A. Brooks. G. J. Llthaow. T. E. Johnson. Science 

rate at 3 days of age in these estimates (8) 263, 668 (I 994). 

was 15 to 40% of the *lso, log 
2. J. W. Curtsinger, H. H. Fukui, D. R. Townsend, J. W. 

Vaupel, ibid. 258, 461 (1 992). 
mortality rate at 3 days of age in two differ- 3. J. R, Carey, P. Liedo, D. Orozco, J. W. Vaupel, ibid., 
ent estimates for the wild type (N2) were p. 457. 

-2.09 (5) and -2.70 (8), suggests 4. J. W. Vaupel, T. E. Johnson, G. J. Lithgow, ibid. 266, 
826 (1 994). 

variation between experi- 5, T. E. Johnson, Proc. Nat/..Acad. Sci. U.S.A. 84,3777 
ments. In contrast, Wang et al. suggest that (1 9871. - - 
less than one worln out of 100 million is 6. A, Brooks, thesis, University of Colorado, (1993). 

dying per day early in life; surely an estilnate 7. ----and T. E. Johnson, Heredity 67, 19 (1991). 
8. T. E. Johnson, Science 249, 908 (1990). 

such as this cannot be made on a cohort of 
population size 30. 18 May 1994; accepted 11 July 1994 

Identification of Calcium Channels 
That Control Neurosecretion 

T h e  report by David B. Wheeler et al. (1) 
addresses the important question of which 
Ca2+ channel types control synaptic trans- 
mission in the mammalian central nervous 
system. Wheeler et al. studied glutamatergic 
transmission between Schaffer collateral fi- 
bers and C A I  pyramidal neurons in the rat 
hippocampus and used synthetic toxins that 
target high voltage-activated Ca2+ chan- 
nels in an effort to identify which types 
trigger glutamate release at this synapse. 
Wheeler et al. argue for the primary in- 
volvement of a novel class of Ca2+ channel, 
which they have labeled "Q." In pharma- 
cological experiments such as these, three 
criteria should be met before conclusions 
can be drawn with confidence: (i) the con- 
centration of antagonists at the synaptic 
site must be known, (ii) estimates of poten- 
cy must be made at or near equilibrium for 
antagonist binding, and (iii) the antagonists 
employed should be specific. These funda- 
mental criteria have not been consistently 

met in the report by Wheeler et al. 
Wheeler et al., measuring the field exci- 

tatory postsynaptic potential (fEPSP), dem- 
onstrate a slow onset for action of w-aga- 
toxin IVA [IVA, a P channel antagonist 
(Z)]: 30 nM toxin produced no effect in 20 
min and 200 nM produced inhibition at a 
rate of about 1% per minute. They use this 
to argue for the relative inefficacy of IVA 
on  Schaffer collateral Ca2+ channels (and 
for the lack of P channels in Schaffer col- 
lateral nerve terminals). Our recent results 
suggest that the rate of onset for toxin 
action in a tissue slice is largely a function 
of the rate of toxin delivery to  the synaptic 
region rather than the on-rate for toxin 
binding. The application times that Wheel- 
er et al. used in their experiments with 30 
nM IVA, therefore, are insufficient to 
achieve a steady-state concentration in the 
synaptic region. With the use of whole cell 
recording from superficial CA1 neurons in 
the slice, we found that 100 to 200 nM IVA 
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eliminated the excitatory postsynaptic cur- 
rent (EPSC) in about 10 to 20 min (3). T o  
test whether the slower rate of blockade 
observed bv Wheeler et al. mieht be a result 
of a slow delivery of the toxi~y deep within 
the tissue slice (where field recordings are 
performed), we studied the action of IVA 
on EPSCs and fEPSPs recorded sirnulta- 
neouslv in the slice. IVA acted more uuick- 
ly and has  more efficacious on the E P ~ C  as 
compared with the fEPSP (Fig. 1). This 
result points to uncertainties with regard to 
toxin concentration in the slice and sug- 
eests that barriers to IVA diffusion (or non- " 
specific adsorption of the toxin) lead to 
concentration eradients in the tissue. " 

When sufficient time is provided for an- 
tagonist binding to approach equilibrium, 
more reliable estimates of toxin potency 
can be made. In our recent experiments, we 
have found (4) that inhibition of synaptic 
transmission produced by bath application 
of 30 nM IVA (in 1 mg/ml bovine serum 
albumin to minimize toxin adsorption) 
reached a steady-state in 31.5 i- 3 rnin and 
produced 81.8 t- 6.7% reduction of EPSC 
amplitude (n  = 5). This suggests an 1C5, 
(the amount of IVA required to inhibit the 
EPSC by 50%) action at Schaffer collateral 
nerve terminals below 30 nM. This value is 
in close agreement with other reports on  
ICSo values for IVA-induced blockade of 
nerve terminal Ca2+ channels determined 
with the use of diverse experimental tech- 
niques and preparations. Purified IVA in- 
hibits depolarization-induced 45Ca2+ influx 
into rat brain synaptosomes with an IC,, of 
about 20 nM (2). Similarly, our experi- 
ments with rat cortical synaptosomes (un- 
der near equilibrium conditions for IVA 
binding) demonstrate an 1C5, of about 30 
nM for inhibition of glutamate release (5). 
Takahashi and Momiyama ( 6 ) ,  using perfu- 
sion buffers containing 1.0 mg per ml cyto- 
chrome c, report an IC5, of about 10 nM for 
IVA block of inhibitory synaptic transmis- 
sion in the cerebellum. The apparent po- 
tency of IVA in blocking presynaptic Ca2+ 
channels is less than that found for its in- 
hibition of isolated Purkinje neuron sornat- 
ic Ca2+ currents, where an affinity of 1 to 3 
nM has been reported (7, 8 ) .  Different 
preparations of synthetic IVA are likely to 
have different potencies, however (9) .  

Toxin svecificitv is also of concern in the 
experimen;s of wheeler et al. They argue for 
the existence of a new channel type based 
on the sensitivitv of Schaffer collateral- 
CA1 synaptic transmission to o-conotoxin 
MVIIC (o-CTx-MVIIC). This toxin can- 
not be used as a discriminator of high volt- 
age-activated Ca2+ channel types in synap- 
tic transmission because it is largely nonspe- 
cific, blocking both N and P currents (10, 
11) as well as current expressed in Xenopus 
oocytes injected with cRNA encoding the 

a,,, a2/S, and p subunits of the Ca2+ chan- 
nel (12). Differential potency among the 
channel types has not been established. Re- 
cent preliminary data from Swartz et al. 
(1 1 ) suggest that the affinities of w-CTx- 
MVllC at N- and P-tvue channels are sirn- , 
ilar and that blockade occurs with a K, of 
about 10 nM. Elimination of Schaffer col- 
lateral-CAl synaptic transmission with 1.5 
to 5 p,M o-CTx-MVIIC as shown by 
Wheeler et al. would, thus, be expected 
regardless of the high voltage-activated 
Ca2+ channel involved. 

One final issue should be considered. 
The use of a complex physiological process 
(such as neurosecretion) as an assav for 
block of presynaptic calcium channels 
would result in an underestimation of uo- 
tency if there are "spare channels" at the 
presynaptic terminal. Vertebrate smooth 
muscle vrovides an excellent examnle of 
such a phenomenon; blockade of more than 
90% of cholinergic receptors by irreversible 
antagonists is necessary to produce a mea- 
surable inhibition of agonist-induced con- 
traction (13). The  dissociation constant of 
antagonist for receptor, therefore, is much 
less than its IC,, for inhibition of contrac- 
tion. By analogy, if Ca2+ channels are 
present at a density in excess of that neces- 
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Fig. 1. Latency to onset and efficacy of w-Aga-IVA 
in relation to recording configuration. Hippocam- 
pal slices (400 p.m) were prepared with standard 
methods. The Stratum radiatum was stimulated 
w~th the use of an extracellular, bipolar electrode. 
Synapt~c currents were recorded from CAI pyra- 
m~dal neurons near the surface of the slice with 
tight seal, whole cell recording methods. Field 
EPSPs were simultaneously recorded with an ex- 
tracellular electrode placed deep in the radiatum, 
adjacent to the intracellular recording electrode. 
Upper panels show f EPSPs and EPSCs recorded 
prior to and 60 or 30 min, respectively, after (*) 
application of 200 nM w-Aga-IVA. Lower panel 
shows the complete time course for IVA's action 
in a different experiment. Tlme of IVA application is 
denoted by the horizontal bar. 

sary to produce maximal secretion, block- 
ade of 50% of the channels will produce less 
than 50% reduction in secretion-and. 
thus, would lead to underestimates of po- 
tency for IVA at the nerve terminal Ca2+ 
channels. Our studies of transmitter release 
lend credibility to this notion of spare chan- 
nels. We have found that at least two types 
of Ca2+ channel coexist in nerve terminals. 
By blocking one type with a selective an- 
tagonist, the other type, when strongly ac- 
tivated, can support rnaximal secretion (5, 
14). Thus, until the quantitative relation- 
ship between Ca2+ entry and exocytosis is 
established, the differences in potency re- 
ported for IVA's inhibition of synaptic 
transmission compared with its blockade of 
Ca2+ currents should not be taken as evi- 
dence supporting the involvement of a 
Ca2+ channel al subunit distinct from that 
native to Purkinje neuron cell bodies. If 
differences in toxin affinity in diverse sys- 
tems are established, it will be important to 
discriminate between several possible un- 
derlying causes, including distinct Ca2+ 
channel a l  subunits, differences in multi- 
subunit channel composition, and alter- 
ations in posttranslational modification of 
the channel complex. 

A prernature subdivision of the classifi- 
cation scheme of subtypes of IVA-sensitive 
current, based on  incomplete pharmacolog- 
ical information. should be avoided at this 
point. Definitive proof of novel channels 
resuonsible for Ca2+ influx and exocvtosis 
in mammalian nerve terminals awaits the 
investigation of a more complete battery of 
specific antagonists, more appropriate ex- 
perimental design, and more systematic 
pharmacological characterization of cloned 
Ca2+ channels expressed in heterogeneous 
environments. 

Kathleen Dunlap 
Jennifer I .  Luebke 
Timothy J .  Turner 

Department of Physiology, 
Tufts University School of Medicme, 

Boston, MA 021 1 1 ,  USA 
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Response: W e  welcome the opportunity to 
amplify on  experimental and interpretive 
aspects of our study that could not be acco- 
rnodated within a brief report (1 ). We agree 
with Dunlap et al. that pharmacological ex- 
periments of synaptic transmissions should 
be interpreted with caution, particularly 
with respect to issues of drug penetration 
and efficacy in brain slices. We disagree, 
however, with several of their contentions 
about our report. We find no evidence for a 
maintained gradient of w-Aga-IVA concen- 
tration within the slice. The observed re- 
sponse of neurotransmission to w-Aga-1VA 
(1-5) is consistent with participation of Q- 
type channels. The statements by Dunlap et 
al. about the degree of specificity of w-CTx- 
MVlIC seem to miss the point of our exper- 
iments ( I ) ,  which tested for a possible role 
of R-type channels (6, 7). Their arguments 
regarding "spare channels" contradict pub- 
lished evidence for a power-law relationship 
between Ca2+ influx and action potential- 
triggered transmitter release (1-5). Upon 
review of all of the available evidence. we 
stand by our conclusion that synaptic trans- 
mission at hippocampal CA3-CAI synapses 
is supported, in large part, by voltage-gated 
Ca2+ entry with the pharlnacological profile 
of Q-type channels (7, 8). 

One of the main contentions of Dunlap 
et al. is that a gradient of toxin concentra- 
tion can exist in the steady-state, prevent- 
ing penetration of toxin to the depths of the 
hippocampal slice. Their evidence for this 
rests on a discrepancy between the degree 
to which w-Aga-IVA inhibits fEPSPs mon- 
itored with fEPSP and intracellular EPSCs 
measured with whole cell patch-clamps. 
Their figure 1 shows steady but only partial 
block of the fEPSP at a time when the 
EPSC has been abolished, which thev in- 
terpret as implying a standing gradient of 
w-Aga-IVA. In contrast, we find good 
agreement between the fEPSP and the 
EPSC in the rate and degree of their inhi- 
bition by w-Aga-IVA. In representative re- 
cordings of fEPSP and EPSC (Fig. l A ) ,  
evoked by electrical stimulation of the 
Schaffer collateral-commisural pathway 
w-Aga-1VA (200 nM),  both indices of the 
synaptic response are reduced in a parallel 
fashion (n = 7,  Fig. 1B). There is more 
variability among the individual whole cell 
recordings, as befits responses from individ- 
ual cells, but overall, the inhibition devel- 
ops with a similar time constant ( T ~ ~ ~ ~  = 
14.3 min, T~~~~ = 15.2 min). The transmis- 

sion remaining in the steady-state is similar 
for the fEPSP and the EPSC (17 -+ 2 and 
15 -t 1%, respectively; P > 0.16 by paired 
Student's t test). Thus, in our hands, field 
potentials and whole cell currents give 
roughly equivalent measures of w-Aga-1VA 
action. It is reassuring to find such agree- 
ment, as each of these aooroaches has 

L L 

different strengths and limitations. Field 
recordings have their own advantages: 
They are relatively noninvasive, less 
prone to cell run-down than whole cell 
recordings, and provide a n  average mea- 
sure of the activity of synapses on  many 
postsynaptic cells in a region of the slice 
that is less prone to mechanical damage 
from the slicing procedure. 

Time (min) 

Fig. 1. Effect of w-Aga-IVA on the strength of 
synaptic transmission. (A) Representative exam- 
ples of simultaneous recordings of the fEPSP and 
the EPSC evoked at 0.1 Hz. Sweeps are averages 
of 30 consecutive responses, collected from -5 
to 0 min (larger amplitudes) and from 30 to 35 min 
after beginning application of w-Aga-IVA (smaller 
amplitudes). (B) Average responses of fEPSP 
slope and EPSC amplitude from seven experi- 
ments like that in (A). Responses were taken as 
the average of three consecutive signals and were 
normalized to their baseline value (average of de- 
terminations during the 10 min preceding addition 
of w-Aga-IVA). Symbols represent the mean i 
SEM of these responses, averaged across the 
seven experiments. All experiments were carried 
out in the continuous presence of cytochrome c 
(0.1 mg/ml) to saturate nonspecific protein bind- 
ing sites and picrotoxin (5 p,M) to reduce contam- 
ination of the EPSC by the GABA-containing in- 
hibitory postsynaptic current. In order to test the 
hypotheis of Dunlap eta/. as fairly as possible, the 
fEPSP was recorded with the electrode tip posl- 
tioned about 200 pm into the slice, while the 
EPSC was recorded from the most superficial cell 
detectably contacted by the patch pipette. 

T o  gain additional information about 
how peptide toxins behave in slices, we 
carried out experiments with w-CTx-GVIA 
(9), which is similar to w-Aga-IVA in size 
and overall structure. We find that w-CTx- 
GVIA is completely efficacious, even at low 
concentrations. Whereas the rate of block 
of the fEPSP increased with w-CTx-GVIA 
concentration; as expected, a similar degree 
of inhibition (-45%) (1)  was achieved dur- 
ing application of 10 nM, 30 nM, or 3 pM 
w-CTx-GVIA. This result supports our 
contention that peptide toxin molecules 
can gain access to all the Ca2+ channels 
involved in synaptic transmission. A t  any 
given concentration of w-CTx-GVIA, the 
rate of block is about fivefold slower than 
that seen for N-type current in dissociated 
rat sympathetic neurons (10). A slowing of 
toxin equilibration would be predicted from 
studies of the diffusion of marker molecules 
within slices (1 1).  Our experiments with 
w-Aga-1VA and w-CTx-GVIA are consis- 
tent with the idea that the diffusion of 
peptide toxins within slices is retarded but 
not prevented. 

How do the ex~erimental results frorn 
slice recordings compare with predictions 
for the dose dependence of toxin-block of 
neurotransmission based on  Ca2+ channel 
pharmacology? Dose-response curves (Fig. 
2) can be calculated bv ~resumine that , " 
P-type channels or Q-type channels are the 
dominant Ca2+ entry pathway, along with a 
fixed and srnaller contribution of N-type 
channels (1,  2, 4 ,  5 ) .  The IC,, values for 
w-Aga-1VA block were taken as 1 nM for 
P-type channels ( 1  2)  and 89 nM for Q-type 
channels (7).  These values were translated 
into predictions for hippocampal neuro- 
transmission (Fig. 2) on the basis of exper- 
imental evidence for a power-law relation- 
ship (n = 3 to 4 )  between Ca2+ entry and 
neurotransmitter release (inset) (5, 13). 
The  predicted ICSo values for w-Aga-IVA 
block of transmitter release are in the range 
of 0.3 nM for synapses dominated by P-type 
channels and 20 nM for synapses dominat- 
ed by Q-type channels. These predictions 
are compared (Fig. 2) with experimental 
data obtained frorn recordings of excitatory 
transmission in hippocampal slices (1, 2-4, 
14), which include a new set of data we 
obtained. The synapses show significant in- 
hibition with 45 min exposures to 30 nM 
w-Aga-IVA (n = 9). The  data appear clus- 
tered around the curve nredicted for trans- 
mission mediated by Q-type channels. 

Dunlap and colleagues state that Ca2+ 
entry is sufficient to saturate neurosecre- 
tion, as if there were "spare channels." This 
stands in contrast to studies in the hin- 
pocampus (13), which include direct evi- 
dence from intracellular Ca2+ measure- 
ments (5). These studies demonstrate that 
action potential-triggered neurotransmission 
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TECHNICAL COMMENTS 

Fig. 2. Comparison between ex­
perimentally determined block of 
neurotransmission by w-Aga-IVA 
and hypothetical dose-response 
relationships. Symbols are the 
mean ± SEM of measures of exci­
tatory hippocampal synaptic trans­
mission in the presence of oo-Aga-
IVA, taken from (1) and (9) (O), (14) 
(A), (2) (•), and (4) (•). For addition­
al data from cerebellum, see (2, 18). 
The curves were generated with the 
use of the general equation: 

Fraction remaining = PGV,A + 

PAga/(1+[w-Aga-IVA]/KD)r (1) 

where pA g a is the estimated frac­
tional contribution of w-Aga-IVA-
sensitive channels (0.8) and 
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the estimated fractional contribution of co-CTx-GVIA-sensitive channels (0.2) (1), KD is the IC50 for 
co-Aga-IVA block of P-type channels (1 nM, solid vertical arrow, (12) or Q-type channels [89 nM, open 
vertical arrow, (7)]. The exponent of n = 3 was chosen as a conservative estimate. Experimental 
determination of the power-law relationship between relative Ca 2 + influx (monitored with fura-2) and 
fEPSP slope (Inset) yields an exponent of 3.7. Inset reproduced from (5) with permission. 

at hippocampal CA3-CA1 synapses obeys a 
classical power-law in its dependence on 
Ca2 + entry (exponent = 3.7, Fig. 2 inset), 
in accord with the classic description by 
Dodge and Rahamimoff of Ca2 + entry and 
neurotranmission at the neuromuscular 
junction {16). The application by Dunlap et 
al. of the concept of "spare channels" to 
action potential-triggered neurotransmis­
sion contradicts the results of several groups 
(J, 2, 4, 5), including their own (3); Per­
centage of transmission blocked by co-Aga-
IVA, and percentage blocked by co-CTx-
GVIA, add up to more than 100%, even 
though the toxins are known to act on 
separate and nonoverlapping populations of 
channels {12). This can be readily ex­
plained in terms of a power-law relation­
ship, but is not expected for the "spare 
channel" hypothesis. 

The concept of "spare channels" may be 
appropriate when considering neurotrans­
mitter release triggered by high K+ depolar­
izations in synaptosomes {16). In this case, 
blockage of either N-type channels or 
co-Aga-IVA-sensitive channels has little or 
no effect on transmitter release, even 
though the combined effect of both agents 
is quite significant. This pattern of behavior 
is different from that of action potential-
triggered neurotransmission in slices or 
even synaptosomes stimulated with lower 
amounts of K+ {16). The difference may be 
accounted for by the way that Ca2 + chan­
nels respond to different patterns of depo­
larization {17). During a normal action po­
tential, the chances are small that any sin­
gle Ca2 + channel will open for long enough 
to trigger transmitter release on its own; 
thus, the participation of multiple channels 
greatly promotes neurotransmission. In con­
trast, prolonged and strong depolarizations 
dramatically increase channel opening 

probability and the likelihood that Ca2 + 

influx through an individual channel will 
be sufficient to trigger release by a nearby 
vesicle. This lessens the dependence of 
transmitter release on multiple channels. In 
support of this explanation, we find that the 
impact of blocking N-type channels on 
neurotransmission is greatly attentuated by 
prolonging the action potential with 
4-aminopyridine {17). Thus, the degree to 
which different Ca2 + channel types partic­
ipate in neurotransmissions can be radically 
altered by varying the duration of the de­
polarizing stimulus. 

Dunlap et al. raise the issue of the spec­
ificity of toxins and their usefulness in 
channel identification with regard to our 
use of co-CTx-MVIIC. We stated explicitly 
in our report (1) that co-CTx-MVIIC blocks 
both N- and Q-type channels and thus 
cannot be used on its own to establish 
whether or not Q-type channels are in­
volved (J). As we indicated, co-CTx-
MVIIC was used because it spares R-type 
channels (6, 7); if R-type channels had 
made a substantial contribution, some syn­
aptic transmission would be spared by 
co-CTx-MVIIC., Therefore, it is incorrect 
for Dunlap et al. to state that blockage by 
this toxin "would, thus, be expected regard­
less of the high voltage-activated channel 
involved." When used in conjunction with 
co-CTx-GVIA and low concentrations of 
co-Aga-IVA, co-CTx-MVIIC also provides 
useful corroboration of the possible involve­
ment of Q-type channels. 

Dunlap et al. cite studies from others (2, 
4, 18) as providing "a preponderance of 
evidence" for the involvement of P-type 
channels. In reporting that co-Aga-IVA re­
duced synaptic transmission, each of these 
groups discussed possible involvement of 
P-type channels, but was also careful to 

qualify their conclusions by explicitly al­
lowing for the participation of other co-Aga-
IVA-sensitive currents (7-9). In earlier 
studies of co-Aga-IVA action in other sys­
tems [for example, (19)], P-type channels 
were invoked by default as the only Ca2 + 

channel known to respond to co-Aga-IVA. 
It will be interesting to reexamine these 
systems in light of recent information about 
the properties of P- and Q-type channels 
(7-9) and expectations as to how their 
contribution to neurotransmission would be 
reflected in the response to co-Aga-IVA 
(Fig. 2). 
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