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ABSTRACT Single stretch-activated ion channels were studied on the soma and 
primary dendrites of  stretch receptor neurons o f  the crayfish Orconectes limosus. 
When the membrane of  the patch was deformed by applying suction to the pi- 
pette, a marked nonlinear increase in single-channel activity could be observed in 
two types of  channels. These were indistinguishable on the basis of  their single- 
channel conductances but differed in their voltage range of  activation. One type 
showed strong inward rectification (RSA channel) and the second type was largely 
voltage independent (SA channel). A linear relationship was found between nega- 
tive pressure and the natural logarithm of  the channels' open probability. For an 
e-fold change in pressure, the average sensitivity was 8.7 + 0.4 (SD, n = 5) m m H g  
for the RSA channel and 5.6 • 2.2 (n ~ 5) m m H g  for the SA channel. Both chan- 
nels were found to be permeable to mono- and divalent cations. Current-voltage 
relationships were linear with slope conductances for the SA channel of: 71 + 11 
(SD, n ~ 3) pS for K +, 50 • 7.4 (n = 5) pS for Na +, and 23 pS for Ca ++. Similar 
values were found for the RSA channel. The data suggest that the SA channel is 
responsible for the mechanotransduction process in the stretch receptor neuron. 

I N T R O D U C T I O N  

Primary t ransduct ion processes o f  receptor  neurons  are generally believed to be 
linked to the open ing  o f  ionic channels. Little is known about  the channels involved 
in mechanorecep t ion  since the actual t ransduct ion site, i.e., the kinocilium o f  a hair  
cell o r  the Pacinian corpuscle,  is not  directly accessible for  single-channel patch- 
clamp recordings.  

As a p ro to type  o f  a mechano-sensitive ion channel  a stretch-activated channel  
f rom tissue-cultured embryonic  chick muscle cells has been  p roposed  (Guharay and 
Sachs, 1984, 1985). Similar types o f  stretch-activated channels were found  in muscle 
cells and oocytes o f  Xenopus (Brehm et al., 1984; Methfessel et al., 1986) and in 
hear t  ventricle cells o f  Lymnea stagnalis (Sigurdson et al., 1987). The physiological 
significance o f  mechano-sensitive channels in these preparat ions,  however,  remains 
unclear. 
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Size and  accessibil i ty o f  the  c rus tacean  s t re tch  r e c e p t o r  p r e p a r a t i o n  (Alexandro-  
wicz, 1951) make it par t icu lar ly  sui ted  to  test i f  such s t re tch-act ivated channels  also 
exist in a cell with known mechanorecep t ive  funct ion.  

A pre l iminary  r e p o r t  o f  this work  was pub l i shed  in abs t rac t  fo rm (Erxleben and  
Florey,  1988). 

M A T E R I A L S  A N D  M E T H O D S  

Preparation 

Crayfish Orconectes limosus were obtained from a commercial supplier (Fischerei Liptow, Ber- 
lin, FRG) and kept at 13-17"C in running fresh water. The receptor organs, consisting of a 
fast and slowly adapting receptor cell and the corresponding muscle fibers, were isolated 
from the second to fifth abdominal segments of the animals. The preparation was pinned at 
the approximate in situ length in a Sylgard 184-lined (Dow Coming Corp., Midland, MI) 
experimental chamber and submerged in saline. Experiments were performed at ambient 
temperature (20-24"C). 

To obtain gigaohm seals the preparation was treated locally with protease (10 mg/ml, type 
XIV; Sigma Chemical Corp., St. Louis, MO). A polished pipette with an opening of ~25 #m 
was filled with saline containing protease and was positioned onto the receptor cell. An expo- 
sure of  5-10 min, depending on the extent of  connective tissue, was sufficient to make the 
surface accessible for patch-clamp recordings. 

Electrophysiological Techniques and Data Analysis 

Single-channel currents were recorded with an EPC-7 (List Electronic, Darmstadt, FRG) 
patch-clamp amplifier in the cell-attached or excised inside-out configuration. Recording 
techniques were those of Hamill et al. (1981) and the patch electrodes (diameter, ~2 #m) 
were coated with polystyrene (Q-Dope, GC Electronics, Rockford, IL) or Sylgard 184 (Dow 
Coming). Membrane tension was controlled via a 100-#1 syringe connected to the patch elec- 
trode holder and a calibrated pressure transducer (Hugo Sachs Elektronik, March-Hugstet- 
ten, FRG). Data were either stored on magnetic tape with a FM recorder (Racall, Southamp- 
ton, UK) for later analysis or directly digitized by a 12-bit A/D converter (1401 labinterface; 
CED Cambridge, UK) in connection with a PC (Tandon PCA 40, Chatsworth, CA). Data were 
filtered (six-pole bessel filter) at 3 kHz for the analysis, and at 1 kHz for the preparation of 
figures. The sampling rate was five times the filter frequency. Data acquisition and analysis 
were performed by a commercially available patch-clamp program (CED). SYSTAT (Systat 
Inc., Evanston, IL) was used for statistical analyses and curvefits. Single-channel current 
amplitudes and dwell times were determined by a multilevel analysis routine using the 50% 
amplitude level for detection of channel openings. Open probabilities (Po) were obtained by 
summation of open times. Downward deflection of  the current traces correspond to inward 
currents. 

Solutions 

The compositions of  all salines are given in Table I. Normal saline was used as bath solution 
and on the cytoplasmic side of  excised inside-out patches. 

R E S U L T S  

Determination of the Patch Recording Site 

The  c rus tacean  abdomina l  s t re tch  r e c e p t o r  n e u r o n  is s u r r o u n d e d  no t  only by con- 
nective tissue bu t  also by glial cells (Nadol  and  De Lorenzo ,  1973; Fischer  et al., 
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TABLE 1 

Composition of Salines 

1073 

NaCI KCI CaCi~ MgCI~ HEPES Tris EGTA 

Normal 195 5.4 13.5 2.6 0 10 0 
High K § 0 160 13.5 2.6 10 0 0 
High K*, low Ca ++ 0 160 1 1 10 0 1.5 
High Ca ++ 0 0 110 0 10 0 0 
High Na + 175 5.4 13.5 2.6 0 10 0 

Concentrations are given in millimolar. The pH was adjusted to 7.4 with NaOH or KOH 
where appropriate. 

1975; T a o - C h e n g  et  al., 1981). Thus  it was crucial  to  d e t e r m i n e  whe the r  pa tches  
were  f rom such glial cells o r  f rom the  r e c e p t o r  n e u r o n  itself. Two d i f fe ren t  types o f  
pa tches  were  ob ta ined .  9 0 - 9 5 %  o f  all pa tches  typically showed a vo l t age- indepen-  
d e n t  K + channel .  In  the  whole-cel l  c l amp mode ,  vol tage response  to  c u r r e n t  pulses  
showed a fast ( s teeper  than  exponen t i a l  o r  e r r o r  funct ion)  r is ing phase  that  is typical  
for  sheet- l ike cells ( W o o d b u r y  a n d  CriU, 1961). T o g e t h e r  with electr ical  inexci tabi l -  
ity this was taken  as ev idence  fo r  r ecord ings  o n  glial cells. 

The  r ema in ing  pa tches  were  on  the neu ron .  In  the  ce l l -a t tached conf igura t ion  
they were  ident i f ied  on  the  basis o f  capaci t ive c o m p o n e n t s  o f  ac t ion  potent ia l s  o f  
spon taneous ly  active neurons .  In  the  whole-ceU c u r r e n t - c l a mp  m o d e  o b t a i n e d  by 
r u p t u r i n g  the  pa tch  by a s t r ong  suct ion pulse  on  the  p ipe t te ,  the  c o r r e s p o n d i n g  
in t race l lu la r  ac t ion  poten t ia l s  cou ld  be  r e c o r d e d  (Fig. 1). 

Increase in Channel Aaivity with Suction 

D u r i n g  seal f o r m a t i o n  it became  a p p a r e n t  that  pa tches  on  the n e u r o n  con ta ined  
channels  that  r e s p o n d e d  to suc t ion  on  the p ipe t t e  (Fig. 2). Two types o f  s t retch-  
ac t iva ted  channels  were  observed .  They  were  indis t inguishable  on  the basis o f  the i r  

A 

10ms 

B 
mV 400 

- 4 0  _ 

200ms 

FIGURE 1. Action potentials from a 
crayfish stretch receptor neuron. (A) 
Capacitive components of  sponta- 
neous action potentials in a cell- 
attached patch with a high K § low 
Ca + + solution in the pipette, and the 
holding potential kept at the cell's 
resting potential. Dotted lines in the 
upper  trace mark the closed and 
open levels of  channels. Note the 
decrease and increase in single-chan- 
nel amplitude just  before and after 
the action potentials, respectively. 
(B) Whole-cell current-clamp record- 
ing after rupturing the patch by a 
strong suction pulse. A different 
neuron than in A, high K +, low Ca ++ 
solution in the pipette. 
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4Omm Hg 

FIGURE 2. Activation of an inward 
current by negative pressure. Cell- 
attached patch with high K + solution 
in the pipette, patch potential at 
cell membrane potential. During the 
time indicated, suction was applied to 
the pipette. 

ion selectivity or  single-channel conductance but  differed in their sensitivity to mem- 
brane deformation and voltage range of  activation. 

The first type of  channel was virtually inactive in the absence of  suction to the 
pipette and showed at most a few bursts per  minute. The probability o f  the channel 
being open increased with hyperpolarization (Fig. 3). This channel is subsequently 
referred to as the inwardly rectifying stretch-activated (RSA) channel. The second 
type of  channel was only weakly voltage dependent  (Fig. 3) and its average basal 
activity in the absence of  suction was about  an order  of  magnitude higher than that 
o f  the RSA channel (mean Po RSA: 9 x 10 -4, mean Po SA: 1.3 x 10-~). This channel 
will be referred to simply as the stretch-activated (SA) channel. A total o f  24 patches 
f rom the slow- and fast-adapting neuron could be obtained. In general, patches 
f rom the region of  the primary dendrites had channels o f  the SA type with a large 
number  of  channels in the patch (i.e., Fig. 2). Those on the cell body or axon hillock 

0 

-2  

o 

- 4  

- 6  ' I 

- 4 0  0 40  

HP (mV) 

FIGURE 3. Voltage dependence of the SA and RSA channels open probabilities. (el), SA 
channel at 10 mmHg suction. (I), RSA channel at 28 mmHg suction. Cell-attached patches, 
high Na + solution in the pipette. Potentials are relative to the cells' resting potentials. 
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mainly had RSA channels with fewer channels in the patch. Although experiments 
were not designed for excised patches (i.e., patches were only excised after measure- 
ments had been carried out  in the cell-attached configuration) it was obvious that 
sensitivity to suction was not confined to cell-attached patches. In the case of  the 
RSA channel, activity showed "run  down," typically down to 25% within 5 min after 
excision of  the patch. In excised patches with SA channels, however, activity 
increased after excision and subsequent application of  either pressure or  suction 
resulted in a transient decrease of  activity. 

Other  types of  channels, such as a delayed-rectifying K + channel which was some- 
times present in the same patch as the stretch-activated channels, did not respond to 
suction. Fig. 4 shows sequences from a cell-attached patch with two RSA and several 
voltage-dependent K § channels. Both types of  channels could be studied in isola- 
tion: at membrane resting potential ( - 6 5  to - 7 0  mV) or  more negative potentials, 

mm Hg 

0 
HP (mY) 

. . . . .  . . . . . . . . .  r . . . . . . . . . . . . .  , . . . . . . . . . . . . . . . . . .  , . . . . . . . . . . . . . . . . . . . . . .  

- 6 0  

0 

+60 

-21 ~ ]10pA 

100ms 

FIGURE 4. Stretch-activated (RSA) and stretch-insensitive channels in the same patch. Cell- 
attached patch with high Na + solution in the pipette. Stretch-activated channels recorded at a 
patch potential - 6 0  mV from cell membrane potential and voltage-dependent K + channels 
at +60  mV, respectively. The upper trace of  each set shows channel activity at 0 mmHg and 
the lower trace at -21  mmHg. 

only the stretch-activated channel was active. During depolarization by 60 mV, only 
openings o f  the K + channel were apparent. The open probability of  the RSA chan- 
nel in this patch increased some 55-fold from Po = 0.0013 to Po = 0.0718 while 
changing from 0 mmHg suction to - 2 1  mmHg. In contrast, the open probability o f  
the voltage-dependent K + channel did not change significantly (Po = 0.28 at 0 
mmHg, Po = 0.26 at - 2 1  mmHg). Furthermore,  patches that originated from the 
glial cells also never showed pressure-sensitive channels. 

Relationship between Membrane Tension and Open Probability 

Whereas the general effect of  an increase in negative pressure is best demonstrated 
in a recording with many channels (Fig. 2), patches with few channels, and prefera- 
bly just  one, are suited for a more quantitative description of  the tension vs. open 
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probability relationship. For this purpose activity of  RSA and SA channels was 
recorded over periods of  several minutes at different levels of  constant suction (Fig. 
5). With increasing suction, channel activity increased in a nonlinear fashion. At 
constant suction, mean channel activity remained constant. Suction in excess of  
some 50 m m H g  resulted in a shift of  baseline current,  increased current  noise, and, 
finally, breakdown of  the seal. 

To determine the absolute open probabilities, the number  of  channels in a given 
patch had to be known. It was estimated f rom recordings at the highest activity as 
the maximum number  of  simultaneous openings observed. In the case of  the RSA 
channel, Po never reached saturation within the range of  suction that was tolerated 
by the membrane.  Consequently, the estimated number  of  channels in a patch can 
only be regarded as approximate.  The relationship between suction and open prob- 
ability for a patch with an RSA channel is shown in Fig. 6. While the absolute open 
probabilities varied between patches, the pressure sensitivities were remarkably sim- 
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FIGURE 5. Unitary currents through SA (/eft) and RSA (r/ght) stretch-activated channels. 
Data from ceil-attached patches with high Na + solution in the pipette. Holding potentials 
were at the cell's resting potential (SA) and - 5 0  mV from the cell's resting potential (RSA), 
respectively. Nonconsecutive traces during constant suction levels as indicated. 

ilar. Sensitivities were calculated f rom a maximum-likelihood fit to the data with 
Boltzmann curves of  the form: 

Po = 1/[1 + k*exp  (s'p)] (1) 

o r  

Po = 1/[1 + k* exp (s*p~)] (2) 

with k being a pressure insensitive term, s the sensitivity, and p denoting the applied 
negative pressure in m m H g  for Eq. 1 and the square of  pressure p2 for Eq. 2. The 
average sensitivity for the RSA channels was 0.115 _+ 0.05 m m H g  -1 (SD, n = 5) for 
the linear, and 0.195 + 0.07 c m H g  -~ for the (pressure) 2 model. 

In contrast to the RSA channel, the open probability of  the SA channel saturated 
within the range of  applicable suction. Fig. 6 shows an example of  the suction vs. Po 
relationship for an SA channel. Fitted with Eqs. 1 and 2 the average sensitivity was 
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0 .178 + 0.12 m m H g  -1 (n ffi 5) for  the  l inear ,  and  0.711 _+ 0.73 c m H g  -2 for  the  
(pressure)  ~ model .  Both  models  a re  eva lua ted  in the  Discussion. 

Current-Voltage Relationships and Single-Channel Conductances 

Vol tage-c lamp da ta  o f  the  s t r e tch- induced  r e c e p t o r  c u r r e n t  in the  crayfish s t re tch  
r e c e p t o r  (Edwards  et  al., 1981) suggest  that  the  m e c h a n o t r a n s d u c t i o n  channel  
should  no t  only  be  p e r m e a b l e  to Na § the  main  charge  ca r r i e r  u n d e r  physiological  
condi t ions ,  bu t  also to  K + and  divalent  ca t ions  such as Ca ++. T h e r e f o r e  the ion 
,selectivity fo r  the  puta t ive  t r ansduc t ion  channels  was d e t e r m i n e d  in ce l l -a t tached 
pa tches  in which e i the r  K + o r  Ca ++ r ep laced  the Na + in the  p ipe t t e  solut ion.  Both 
o f  these ca t ions  were  also able  to car ry  c u r r e n t  t h r o u g h  the SA channel .  Cur r en t -  
vol tage re la t ionships  were  app rox ima te ly  l inear.  Examples  for  ce l l -a t tached pa tches  

0 . 1 5 ,  

0 . 8  

o o .1o  

0 . 4  0 . 0 5  

0 h , - 

I b 2'0 3'0 0 I 0 2'0 3'0 iO 5 [) 
suction (mm Hg) suction ( m m  H g )  

FIGURE 6. Open probability vs. suction relationships for SA (/eft, 13) and RSA (r/ght, I I )  

stretch-activated channels. Open probability Po is plotted vs. negative pressure. The lines are 
fits to the datapoints with Bohzmann curves (Eq. 1, thick t/he and Eq. 2,fine line). Parameters 
of  the fit for the SA channel: k = 4.71, s = 0.36 mmHg -1 for the linear, and k = 2.97, s = 
1.71 cmHg -2 for the (pressure) 2 model. Parameters for the RSA channel: k = 7.25, s = 0.12 
mmHg -t for the linear, and k = 5.36, s = 0.17 cmHg -2 for the (pressure) 2 model. Data from 
cell-attached patches with one active channel; high Na + solution in the pipette. Holding 
potentials were at the cell's resting potential (SA) and - 5 0  mV from the cell's resting poten- 
tial (RSA), respectively. 

with K +, Na  +, and  Ca ++ as charge  ca r r i e r  t h r o u g h  the SA channel  a re  shown in Fig. 
7. The  s lope c o n d u c t a n c e  for  K + was f o u n d  to be  highest  with 71 + 11 pS (SD, 
n = 3) fo l lowed by 50 -+ 7.4 pS (n = 5) for  Na + and  23 pS for  Ca ++. Similar  conduc -  
tances  were  d e t e r m i n e d  for  the  RSA channel  with 44 + 3.5 pS (n = 6) for  Na + and  
22 -+ 3 pS (n = 3) for  Ca ++. Assuming  an average  res t ing  poten t ia l  o f  - 7 0  mV, the  
e x t r a p o l a t e d  reversal  potent ia l s  were  - 0  mV. 

Open- and Closed-Time Distributions 

As m e n t i o n e d  above,  SA and  RSA channels  differ  in the i r  ga t ing  behavior .  O p e n -  
ings o f  the  RSA channel  occu r  in burs ts  o f  open ings  with the  t ime be tween  burs ts  
dec reas ing  with negat ive  p re s su re  (see Figs. 4 and  5). The  c losed- t ime d is t r ibu t ions  
showed two c o m p o n e n t s  with dist inct ly d i f fe ren t  t ime constants .  A fast c o m p o n e n t  
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FIGURE 7. Current  voltage relationships for unitary currents through SA channels. Cell- 
attached patches. (A) Single current  records at various potentials and 10 m m H g  suction. 
High Na + solution in the pipette. (B) Current-voltage relationships for high K + (El), high Na + 
(IlL and high Ca ++ (A) solutions in the pipette. Potentials are relative to the cells' resting 
membrane  potentials. 
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ranged from 0.4 to 1.0 ms with no consistent dependence on pressure and repre- 
sents the short closures during the bursts. The second component,  however, varied 
strongly with pressure. It represents the long closures between bursts and ranged 
from several seconds at zero suction to some tens of  milliseconds at - 4 0  mmHg. 
Open-time distributions could be best fitted by a single exponential ranging from 
0.5 to 1 ms. Again, as with the short closed time, no consistent dependence on neg- 
ative pressure could be seen. 

Gating behavior of  the SA channel was considerably more complex. Here two 
exponentials were necessary to fit the open times and at least three exponentials 
were needed to describe the closed-time distributions. An example of  dwell-time 
distributions obtained for the SA channel and a plot at different levels of  suction are 
shown in Fig. 8. 

Pharmacology of the Stretch-activated Channel 

Neither pressure dependence of  the open probability nor  other  gating parameters 
of  either type of  stretch-activated channel were affected by 4-aminopyridine (three 
patches, 1 raM) and /o r  tetraethylammonium (two patches, 5 mM) in the pipette 
solution. 

DISCUSSION 

Comparison with Stretch Receptor Data 

The SA-type of  stretch-activated cation channel described in this paper fulfills the 
criteria for the mechanotransduction channel which has been postulated for cray- 
fish stretch receptor neurons (Edwards, 1983). Besides the obvious sensitivity to 
membrane stretch it has the low cation selectivity previously established for the 
receptor current  in voltage-clamp experiments (Brown et al., 1978; Edwards et al., 
1981). The permeability of  the channel for Ca ++ is of  particular interest in view of  
the involvement o f  a Ca-activated K + current  in the dynamic phase of  the adapta- 
tion process (Ottoson and Swerup, 1985a, b). The high external Ca ++ concentration 
in the physiological saline (13.5 mM) is likely to lead to Ca ++ influx through the SA 
channel and to subsequent activation of  Ca+ +-sensitive K + channels. Adaptation at 
the single-channel level in the sense that the opening probability decreases during 
sustained membrane deformation, can be excluded from the data presented here. 

It is tempting to speculate that the density of  stretch-activated channels matches 
that of  the stretch-induced current  measured under  voltage clamp (Brown et al., 
1978). The current  data, however, do not allow such a comparison because the 
patches were from the soma of  the receptor cell or, at best, from the primary den- 
drites. The density of  stretch-activated channels is likely to be higher at the dendritic 
endings, the part of  the cell that is actually deformed during stretch of  the receptor 
neuron. 

The contribution of  the RSA channel to the generator current  is unclear, but it is 
expected to be small since the channel is only active at rather negative potentials 
(see Fig. 3). Furthermore,  the channel density is low compared with that of  the SA 
channel. 
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F I G U R E  8.  Dwell-time distributions for the SA channel. (A) Examples of open- and closed- 
time distributions at 9 mmHg of suction. Open times were fitted by a double exponential 
function with time constants of 0.48 and 2.06 ms (0.25 ms bins) and closed times were fitted 
by the sum of three exponentials with time constants of 0.73, 3.23, and 16.5 ms (0.5 ms bins 
with the inset replotted with 5 ms bins). (B) Relationships between suction and the logarithm 
of the dwell times. The two open times are plotted on the left, and the three closed times are 
on the right. 

Channel Gating 

Two models have been  proposed  to account  for the gat ing of  mechano t ransduc t ion  
channels.  O n e  is based on  the kinetics of  the receptor  cu r r en t  of  hair  cells (Corey 
and  Hudspeth ,  1983; Ho l ton  and  Hudspe th ,  1986) and  the second is based on  data 
f rom single stretch-activated channels  in cu l tured  chick skeletal muscle (Guharay 
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and Sachs, 1984). While the former  model views the stretch-activated channel as a 
displacement sensor with the gating energy depending on the first order  of  displace- 
ment,  the latter assumes the gating energy to be a function of  the membrane  ten- 
sion (for the most recent discussion of  both models see Howard et al., 1988 and 
Sachs, 1988). As a consequence, the models predict a linear relationship between 
either pressure (Howard et al., 1988) or  (pressure) ~ (Guharay and Sachs, 1984; 
Sachs, 1986, 1988) and the natural logarithm of  the open probability. 

The data on the stretch-activated channels in the stretch receptor  neuron pre- 
sented here were fit by both models (Eq. 1 or  2). The linear model gave a bet ter  fit 
in 3 out o f  the 10 experiments, the squared model in 1 and no significant difference 
was found in 6 cases. The difficulty in clearly distinguishing between the two models 
may result f rom nonstationary behavior of  the channels that produces sufficient 
scatter. Perhaps for the same reason, the issue of  a linear or  squared dependence on 
pressure is controversial in the literature. A linear relationship between the loga- 
rithm of  Po and pressure has been found for a stretch-activated channel in sphero- 
blasts of  the bacter ium Escherichia coli where the channel is possibly involved in vol- 
ume and osmoregulation (Martinac et al., 1987). Data f rom a cation selective 
stretch-activated channel in frog lens epithelium, however, are bet ter  fitted by a 
squared dependence (Cooper et al., 1986). 

The average sensitivity of  8.7 m m H g  for an e-fold change in Po (linear model) o f  
the RSA channel found in this study is close to the 8 m m H g  value found by Mar- 
tinac et al. (1987) in E. coli and, in terms of  the squared model (RSA: 0.195 cmHg-~; 
SA: 0.71 cmHg-~),  similar to the estimates of  Guharay and Sachs (1985) (0.66 
c m H g  -2) and those of  Cooper  et al. (1986) (0.51 cmHg-~). 

The analysis o f  dwell times of  the RSA channel suggests that only one rate con- 
stant, the one that represents the closed times between bursts, is affected by nega- 
tive pressure. This agrees with data f rom other  stretch-activated channels (Guharay 
and Sachs, 1984; Sigurdson et al., 1987; Lansman et al., 1987) and also f rom the 
transduction channel o f  hair cells (Holton and Hudspeth,  1986), as inferred f rom 
noise analysis. 

The use of  a 3-kHz bandwidth will bias the measured open and closed times 
towards longer values, and it is evident f rom the records that both  types of  channels 
show unresolved transitions. Nevertheless, two of  the three closed times of  the SA 
channel show significant dependence on pressure (see Fig. 8). A more rigorous 
study, which is beyond the scope of  this paper,  will be required to establish a kinetic 
scheme like that for the stretch-activated channel in embryonic chick skeletal muscle 
(Guharay and Sachs, 1984). However, the data suggest a more complex kinetic 
scheme for  the stretch-activated SA channel in the crayfish stretch receptor  than 
those for other  stretch-activated channels. 
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