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Using the patch-clamp single-channel current recording technique, a cation channel in the contraluminal 
membrane of rat thyroid follicular cells has been characterized. The channel has a unit conductance of about 
35 pS and is equally permeable to sodium and potassium. The pattern of channel opening and closing is 
independent of the membrane potential. The channel is only operational when the ionized calcium concentra- 
tion in the fluid which is in contact with the inside of the membrane is at least 1 I~M. This conductance 
pathway can be classified as a calcium dependent non-selective cation channel and could explain stimulant- 
evoked depolarizations in the thyroid follicular cells. 

Introduction 

Thyroid follicular cells have a high resting 
membrane potential of about - 6 0  to - 8 0  mV 
[1-4]. Thyroid-stimulating hormone has been re- 
ported to evoke membrane depolarization [4-7] 
and in a study on cultured rat thyroid cells, 
noradrenaline was shown to evoke membrane de- 
polarization and resistance reduction and this ef- 
fect was at least in part due to opening of a Na + 
conductance pathway mediated by intracellular 
Ca R+ [3] .  The noradrenaline-evoked electrical 
changes in the cultured rat thyroid cells are very 
similar to those observed in mouse and rat pan- 
creatic acinar cells in response to acetylcholine 
and various hormonal peptides [8,9]. In the mouse 
and rat pancreatic acinar cells single-channel cur- 
rent recording experiments have shown the pres- 
ence of a non-selective monovalent cation channel 
that is activated directly by internal Ca -~ + or indi- 
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rectly by acetylcholine or cholecystokinin (via in- 
ternal Ca 2+ ) [10-13]. The purpose of the investiga- 
tion reported here was to find out whether similar 
channels were present in the thyroid gland. We 
now show directly the presence of Ca2*-activated 
cation channels in the basal membrane of rat 
thyroid follicular cells. 

Methods 

Fragments of rat thyroid gland (about 50 mg) 
were digested with pure collagenase (150 U / m l )  
for 30 min in order to obtain isolated clusters of 
follicular cells similar to the procedure previously 
used to obtain isolated clusters of pancreatic ac- 
inar cells [10,11,12]. Single-channel currents were 
recorded with the patch-clamp method from mem- 
brane fragments excised from the basal cell surface 
in such a way that the physiological inside of the 
plasma membrane faced the bath and the outside 
the filling solution in the recording microelectrode 
(inside-out membrane patch) [14]. The standard 
'extracellular' solution contained (mM): 140 NaCI, 
4.7 KCI, 1.2 CaCI 2, 1.13 MgCI 2, 10 glucose, 10 

0005-2736/85/$03.30 (,9 1985 Elsevier Science Publishers B.V. (Biomedical Division) 



230 

t tepes (pH 7.2). The standard 'intracellular' solu- 
tion contained (mM): 145 KCI, 10 NaC1, 1.13 
MgC12, 10 glucose, 10 Hepes (pH 7.2). Different 
Ca 2~ concentrations were used in the 'intracellu- 
lar' solution and these are given in relation to the 
relevant experiments. Total Ca 2. concentrations 
were checked by atomic absorption spectroscopy. 
In experiments where ionized Ca z + concentrations 
of 1 /~M or below were needed C a / E G T A  buffers 
were used. All recordings were carried out at room 
temperature (about 22°C). 

Results 

When a membrane patch has been excised in 
the inside-out conformation and the inside is ex- 
posed to a solution containing a relatively high 
Ca ~ concentration ( [Ca2*] i=100  /IM) clear 
unitary current steps can be observed at negative 
(normal) membrane potentials. Fig. 1 shows 
single-channel current traces from one patch at 
membrane potentials from - 2 0  to - 7 0  mV. The 
anaplitude of the unitary steps increases with in- 
creasing polarization and there is a linear relation 
between single-channel current amplitude and 
membrane potential (Fig. 2) corresponding to a 
single-channel conductance of about 35 pS. When 
the membrane potential is changed from - 3 0  mV 
to 0 (trace (a) in Fig. 1) the unitary steps disap- 
pear. Reversal of the membrane potential to + 30 
mV results in a pattern of fluctuating currents, but 
no clear unitary steps can be distinguished. The 
same results were obtained in three different ionic 
situations, i.e. quasi-physiological ion gradients 
(extracellular (Na +) solution in pipette, intracellu- 
lar (K ~) solution in bath) (three experiments), 
symmetrical extracellular solutions (five experi- 
ments) and symmetrical intracellular solutions 
(four experiments). Fig. 2 shows that the single- 
channel current-voltage relationship was identical 
in all three cases. 

When Ca 2' was removed from the bath solu- 
tion in contact with the inside of the excised patch 
membrane the unitary current steps disappeared. 
Fig. 3 shows a typical experiment in w h i c h  [Ca2+]i 
was changed from 100/~M to less than 1 nM and 
back again to 100/~M. The fully reversible closing 
of all channels induced by Ca 2 + removal is clearly 
seen (five experiments). Fig. 4 shows a slightly 
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Fig. 1. Single-channel  currents  from excised ins ide-out  mem- 
b rane  patch. Pipet te  was filled with ext racel lu lar  solut ion 

whereas  bath was filled with in t racel lu lar  solut ion conta in ing  
100 ktM Ca 2 +. (a) Ini t ia l ly  membrane  potent ia l  was c lamped  at 

- 30 mV but  at  first a r row it was changed to 0 mV. At  second 
a r row m e m b r a n e  potent ia l  was reversed to + 30 mV. (b) - 2 0  
mV, (c) - 3 0  mV, (d) - 4 0  mV, (e) - 5 0  mV, (f) - 6 0  mV and 
(g) 70 mV. Hor izonta l  l ines represent  current  level when all 
channe l s  were closed. 
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Fig. 2. Relationship between single-channel current and mem- 
brane potential in three different ionic situations. Open circles, 
extracellular solution in pipette, intracellular solution in bath 
( N a + / K  + ); closed circles, N a + / N a + ;  and triangles, K + / K  +. 
In all cases [Ca 2+ ]i = 1 0 0 / I M .  
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Fig. 3. The effect of removing Ca 2+ from bath solution on 
single-channel currents. (a) was obtained with normal ionic 
gradients ( N a + / K  + ) and [Ca 2+ ]i = 100 ~M. (b) was obtained 
1 min after replacement of bath solution with intracellular 
(K + ) solution without any Ca 2+ added and with 1 mM  EGTA 
([ Ca2+ ]i <1 nM). (c) was obtained 1 min after return to 
control situation ([Ca 2+ ]i = 100 ~tM). Membrane potential was 
- 4 0  mV throughout. 
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Fig. 4. The effect of changing [Ca 2+ ]i on single-channel cur- 
rents. Same ionic situation as in Fig. 3. (a) [Ca 2+ ]i = 100/xM; 
(b) [ C a 2 + ] i = l  btM (total Ca concen t r a t i on= l  raM, total 
EGTA concentration = 1.1 mM); (c) [Ca 2+ ]i = 100 #M and (d) 
[ Ca2+ ]i < 1 nM (total Ca concentration is about 10 #M, total 
EGTA concentration is 1 raM). Membrane potential was - 4 0  
mV throughout.  

more elaborate experiment in which [Ca 2 + ]i is first 
reduced from 100 /~M to 1 /~M evoking almost 
complete channel closure except for a few very 
brief openings. This effect is reversed after read- 
mission of the intracellular solution with 100 /~M 
Ca 2+. When thereafter all Ca 2+ is removed 
( [ C a 2 + ] i  < ] n M )  all channel activity is abolished 
(three experiments). 

Discussion 

The pattern of single-channel current activity in 
excised membrane patches from rat thyroid follic- 
ular cells is remarkably similar to that described 
for mouse and rat pancreatic acinar cells [10-12]. 
The channel demonstrated in the thyroid cells 
(Figs. 1-4) has the same unit conductance (about 
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35 pS) and the same current-voltage relationship 
as in the mouse and rat pancreatic cells [10]. The 
channel fails to discriminate between Na + and K + 
and is activated by micromolar Ca 2+ concentra- 
tions from the inside of the membrane as in the 
case of the pancreas [10,11]. The channel can 
therefore be unambiguously classified as the 
Ca2+-activated non-selective cation channel. This 
channel was first found in cultured cardiac cells 
[15] and soon thereafter in neuroblastoma [16] and 
pancreatic cells [10]. The Ca 2 +-activated non-selec- 
tive cation channel is regarded as being voltage-in- 
sensitive [10,15,16] and this is confirmed here for 
the thyroid gland (Fig. 1). Over a wide range of 
negative membrane potentials ( - 2 0  to - 7 0  mV) 
the pattern of channel opening and closure does 
not depend very markedly on the magnitude of 
membrane polarization. The lack of clear single- 
channel unitary steps at reversed (positive) mem- 
brane potential was unexpected and is in contrast 
to the results from the pancreatic ceils [10 12] 
where the pattern of activity was the same at 
positive and negative membrane potentials. 

The Ca 2 +-activated non-selective cation channel 
shown here for the first time to be present in the 
contraluminal membrane of rat thyroid follicular 
cells could explain stimulant-evoked membrane 
depolarization [3-7] if it could be assumed that 
stimulation evoked an increase in [Ca2+]i. In the 
work of Sinback and Coon [3] it has indeed been 
shown that noradrenaline evokes depolarization 
and that intracellular Ca 2+ injection mimicks this 
effect whereas intracellular injection of the C a  2+ 

chelator EGTA markedly reduces the noradrena- 
line-evoked response. Very similar findings have 
been made in mouse pancreatic acinar cells [17,18]. 
There is thus remarkable agreement between re- 
sults obtained with intracellular microelectrodes in 
thyroid and pancreatic cells [3,17,18] as well as 
with patch-clamp single-channel current recording 

methods in these two tissues. TSH has also been 
reported to evoke membrane depolarization in 
several thyroid preparations [4-7] and since it has 
been shown that this hormone stimulates the ef- 
flux of Ca 2+ from the cellular compartment  [19] it 
seems possible that [Ca2+]i is elevated in this 
condition and that activation of the non-selective 
cation channel therefore could take place explain- 
ing the reduction in membrane potential. 
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