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Bradykinin inhibits potassium (M) currents in N 1 E-115 
neuroblastoma cells 

Responses resemble those in NG108-15 neuroblastoma × glioma hybrid cells 
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Application of bradykinin to voltage-clamped N 1 E-115 mouse neuroblastoma cells evoked sequential out- 
ward and inward membrane currents, accompanied by an increase and decrease of membrane conductance, 
respectively. Methacholine produced an inward current with a decreased conductance. The outward current 
response to bradykinin was imitated by intracellular inositol 1,4,5-trisphosphate (IP3). Bath application of 
phorbol dibutyrate induced an inward current and potentiated the response to IP 3. We conclude that the 
response of these cells to bradykinin is identical to that of NG108-15 hybrid cells, and therefore may be 
attributed to the dual effects of inositol trisphosphate and diacylglycerol formed by hydrolysis of phospha- 

tidylinositide. 
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1. I N T R O D U C T I O N  

The nonapeptide bradykinin (BK) produces a se- 
quential hyperpolarization and depolarization in 
NG108-15 neuroblastoma × glioma hybrid cells 
[1,2]. The hyperpolarization is due to the activa- 
tion of  a Ca2+-dependent K ÷ current, probably 
resulting f rom the format ion of inositol 1,4,5-tris- 
phosphate (IP3) and the subsequent release of  in- 
tracellular Ca 2+, since it can be replicated by 
injections of  Ca 2+ and of  IP3 [3,4]. The subse- 
quent depolarization is associated with a fall in 
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membrane conductance, primarily due to the in- 
hibition of  a voltage-dependent K + current, IM [4]. 
This latter change may be mediated by the coin- 
cidental formation of diacylglycerol, with conse- 
quent activation of  protein kinase C [5], since this 
effect can be replicated and occluded by phorbol 
dibutyrate [4]. 

Recently, Tertoolen et al. [6] have reported that 
BK application to N1E-115 neuroblastoma cells 
produces a similar biphasic membrane potential  
change, but with the difference that the secondary 
depolarization appears to be accompanied by an 
increased membrane conductance instead of a 
decrease. Further, since injections of  inositol 
1,3,4-trisphosphate (IP3-1,3,4) produced a small 
but apparently similar depolarization with 
associated increase in input conductance (in agree- 
ment with our previous observations on NG 108-15 
cells [7]), Tertoolen et al. [6] suggest that the 
secondary depolarization produced by BK in these 
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cells is med ia t ed  by  this inos i to l  p h o s p h a t e  i somer  
ra ther  than  by  d iacy lg lycero l - induced  C-k inase  ac-  
t iva t ion .  

We now r epo r t  some exper iments  where  we have 
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examined  the ac t ion  o f  BK on  N1E-115 cells under  
vol tage  c lamp.  W e  show tha t  these cells r e spond  in 
an ident ical  manne r  to  NG108-15 cells, and  there-  
fore  conc lude  tha t  i somers  o f  inos i to l  t r i sphos-  
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Fig. 1. Effects of  bradykinin (BK; 2/zl, 10/zM pipette concentration) and methacholine (MCh; 2/zl, 200 mM pipette con- 
centration) on a voltage-clamped NI E-115 neuroblastoma cell recorded at 35 °C. (A) Membrane current changes record- 
ed at the clamp holding potential of  - 3 0  mV (inward current downwards); downward deflections are inward current 
transiefits evoked by constant - 30 mV (a) or - 20 mV (b) 200 ms hyperpolarizing steps, to measure input conductance. 
(B) Oscilloscope records of  inward current transients recorded in A. Upper trace, recorded voltage; lower traces, cur- 
rent. (a) Family of  superimposed currents evoked by hyperpolarizing steps from - 10 to - 7 0  amplitude. (b) Super- 
imposed records of  currents produced by - 30 mV steps before (con) and during (BK) the inward current produced by 
bradykinin in panel A,a. (c) Superimposed records of  currents recorded before (con) and during (MCh) the inward cur- 
rent produced by methacholine in panel A,b. Note that the inward currents produced by both bradykinin and metha- 
choline are accompanied by decreased evoked current amplitudes and a diminution in the amplitude of the 

time-dependent components of the current transients. 
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pha te  are  unl ike ly  cand ida tes  as med ia to r s  o f  the  
s econda ry  depo la r i za t ion .  

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

N1E-115 cells were g rown in 35-mm cul ture  
dishes and  d i f fe ren t i a ted  with 2°-/0 D M S O  as 
descr ibed  [2]. M e m b r a n e  current  was measured  by  
the s ingle-electrode vo l t age -c l amp  m e t h o d  as in 
[4]. BK (2#1, 1-100/zM in 150 m M  NaC1) was ap-  
pl ied to the cell surface  t h rough  e jec t ion  pipet tes .  
Cells were cons tan t ly  per fused  with Hepes-  
buf fe red  (10 m M ,  p H  7.4) D M E M  solu t ion .  

3. R E S U L T S  

3.1. Action of  bradykinin 
A d d i t i o n  o f  BK to N1E-115 cells p r o d u c e d  an  in- 

it ial  ( t ransient)  o u t w a r d  current  as shown in 
f i g . l A .  This  is the  vo l t age -c lamp current  
equivalent  to  the hype rpo l a r i z a t i on  observed  by  
Ter too len  et al.  [6] in the  same cell line. The  out-  
ward  current  was assoc ia ted  with an  increased con- 
duc tance  (2-5- fo ld) ,  as measu red  by  the current  
responses  to  t rans ient  vol tage  jumps .  

Fo l lowing  the o u t w a r d  current ,  BK app l i ca t ion  
evoked  a secondary  inward  current ,  which was ac-  
c o m p a n i e d  by  a decrease  in input  m e m b r a n e  con-  
duc tance  ( f i g . l A ) .  Inspec t ion  o f  the current  
t rans ient  p r o d u c e d  by  the vol tage  c o m m a n d s  
shows tha t  this  decrease  in conduc tance  was due 
p r imar i ly  to  inh ib i t ion  o f  the  slow current  re laxa-  
t ions a c c o m p a n y i n g  vol tage  j u m p s  ( f ig . lB ,b ) .  As  
po in t ed  out  prev ious ly  [7], these current  re laxa-  
t ions are  due to  vo l t age- induced  deac t iva t ion  and  
reac t iva t ion  o f  the  vo l t age -dependen t  K ÷ current ,  
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Fig.2. Outward current responses to intracellular iontophoretic injection of  IP3 (200 ms, - 5 0  nA) at 2 min intervals 
into an N 1E-115 cell voltage-clamped at - 45 mV. Upper trace, iontophoretic current; middle trace, membrane voltage; 
lower trace, membrane current. (The iontophoretic current was not completely clamped, so that the injection led to a 
transient hyperpolarization; the subsequent outward current was not due to this hyperpolarization, however, because, 
in control experiments, no such outward current followed an equivalent injection of  CI-.) During the last of the 
responses illustrated, 1 s, - 20 mV voltage steps were superimposed to monitor changes in input conductance; the resul- 
tant current excursions were increased during the IP3-induced outward current, indicating an increased conductance. 
Phorbol dibutyrate (PDBu, 1/zM) was added to the perfusion fluid at the time indicated. Note that PDBu strongly 
enhanced the response to IP3 and produced a small net inward current. (The inward current is smaller than that pro- 
duced by bradykinin or methacholine in fig. 1 because the cell was clamped at a more negative holding potential, at 

which the M-current is less strongly activated, in order to amplify the outward current response to IP3.) 

304 



Volume 220, number 2 FEBS LETTERS August 1987 

IM. In accordance with this, the relaxations shown 
in f ig. lB (a) accelerated with increasing hyper- 
polarization and reversed between - 7 5  and 
- 85 mV, as expected for IM deactivation [8]. Fur- 

ther, application of  the cholinergic agonist, metha- 
choline (which characteristically inhibits IM in 
sympathetic neurons [8]), also inhibited these 
relaxations (fig.lB,c) and produced an associated 
inward current with a fall of  conductance, precise- 
ly imitating the BK-induced secondary inward cur- 
rent. 

Comparable  effects of  BK were recorded in 
representative cells in 6 cultures. One cell showed 
no clear conductance change during the inward 
current, but no cell showed an increased conduc- 
tance. 

3.2. Effects of IP3 and phorbol dibutyrate 
As in NG108-15 cells [4,7], and in agreement 

with Tertoolen et al. [6], intracellular ionto- 
phoresis of  IP3 induced an outward current 
resembling the initial responses to BK (fig.2). The 
iontophoretic currents required for these responses 
were comparable  to those needed to evoke 
equivalent responses in NG108-15 cells [4]. 
Responses were well-sustained with injection inter- 
vals of  2 min. 

Addition of  phorbol  dibutyrate (PDBu, 1/~M) 
to the perfusion fluid induced a small inward cur- 
rent, accompanied (where tested) with a fall in in- 
put conductance, and dramatically increased the 
amplitude of  the outward currents produced by IP3 
injections (fig.2), in agreement with observations 
on NG108-15 cells [9]. 

4. DISCUSSION 

The principal conclusion f rom these experiments 
is that the response of  this sample of  N1E-115 cells 
to BK was essentially identical to that we have 
previously noted in NG108-15 cells: namely, that 
there is a biphasic response consisting of  an initial 
outward current with an increased conductance, 
followed by an inward current with a clear 
decrease in conductance, the latter primarily af- 
fecting the voltage-dependent M-conductance. We 
note particularly that these cells had well- 
developed M-currents and that these were also in- 
hibited by methacholine, which thereby induced an 

inward current identical with the second phase of  
current induced by BK. 

The initial outward current agrees with the 
results of  Tertoolen et al. [6]. However,  the secon- 
dary inward current clearly differs f rom that 
described by Tertoolen et al. [6], which was accom- 
panied by an apparent increase in conductance: we 
have been quite unable to detect such an increased 
conductance in any of our cell samples showing a 
well-developed inward current. Since Tertoolen et 
al. [6] did not describe the ionic basis for this cur- 
rent, we are not able to explain the discrepancy. 
We note, however, that their cells were not 
voltage-clamped, so the natural rectification of  the 
cell membrane during the depolarization might go 
some way toward the apparent  increase in conduc- 
tance. Experimentally, the principal difference be- 
tween the two sets of  experiments is that our cells 
were impaled with K + citrate-filled microelectrodes 
whereas Tertoolen et al. [6] used KCl-filled elec- 
trodes. The latter tend to 'C1- load'  cells, so one 
possibility is that the release of  Ca z+ might also ac- 
tivate a C1- current like that described in glandular 
cells [10], which could lead to an inward current 
(CI- efflux) in such cells, masking any effect of  IM 
inhibition. In citrate-impaled cells, with lower in- 
ternal C1- concentrations, such a current would be 
smaller and outward and hence add to the outward 
K ÷ current. Effects of  IM inhibition in ganglion 
cells can also be complicated by changes in C1- 
current when KCl-filled electrodes are used [11]. 

In agreement with Tertoolen et al. [6], we find 
that intracellular injection of  IP3 can replicate the 
initial outward current produced by BK: this is 
therefore compatible with the view that, as in 
NGI08-15 cells [4], the initial outward current 
might well be mediated by this product of  PIPz 
hydrolysis. We have not tested other inositol tris- 
phosphates in N1E-115 cells but have no reason to 
suppose that their effects  differ f rom those 
previously seen in NG108-15 cells [9] or in 
N1E-115 cells [6] since both reports concur in 
describing an inward current or depolarization ac- 
companied by an increased conductance. How- 
ever, since - in our experiments - this clearly 
differs in nature from the inward current produced 
by BK, we cannot agree with the suggestion [6] that 
I P r l , 3 , 4  might mediate the inward current com- 
ponent of  BK action. Instead, our tests with 
N1E-115 cells, while rather limited, suggest that 
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these cells respond in a similar way to NG108-15 
cells to phorbol dibutyrate in terms of  inward cur- 
rent generation and enhancement of  the response 
to IP3, and hence that a more likely pathway for 
generating the inward current is the adjuvent pro- 
duction of  diacylglycerol from PIP2 and conse- 
quent activation of  protein kinase C, as previously 
proposed [4] for the response of NG108-15 cells. 
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