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Abstract. In the present study the functional role of SH groups in the 
ca2+ -independent K+ -selective channel activity in the membrane of bovine 
adrenal gland chromaffin granules has been studied. Ionic channel activity has 
been estimated using 8 6 ~ b + ,  a K+ analogue, flux measurements. The 
inhibition of chromaffin granules K+ channel by SH modifying agents, such 
as N-ethylmaleimide, mersalyl and phenylarsenoxide, is described. 
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Potassium channels in various intracellular compart- 
ments, including synaptic vesicles (Woodbury 1995) 
and mitochondria (Szewczyk et al. 1996), have been de- 
scribed. Recently, ca2+independent K+ selective chan- 
nel (K'CG channel) of large conductance in the 
membrane of adrenal gland chromaffin granules has 
been identified (Arispe et al. 1992, Ashley et al. 1994). 
The K+cG selective channel was found to be inhibited by 
TEA and insensitive to the electrical potential and to 
ca2+ or charybdotoxin - a blocker of a ca2+-activated K+ 
channel of large conductance (Arispe et al. 1992). Re- 
cently, the K+CG channel was reported to be controlled 
by both inhibitory and stimulatory heterotrimeric GTP- 
-binding proteins (Arispe et al. 1995). It has been sug- 
gested that the K+CG channel plays a role in regulating 
the vesicle membrane potential and thus the process of 
exocytosis of catecholamines from adrenal chromaffin 
cells (Arispe et al. 1992). 

The sulfhydryl groups (SH groups) are known to be 
important for the function of many membrane transport 
systems (for review see Van Inwaarde et al. 1992). These 
include also various potassium channels (Alekseev 
1992, Lee et al. 1994, Han et al. 1996). In the present 
study the flux measurements (Garty et al. 1983, Garty 
and Karlish 1989) of 8 6 ~ b + ,  a K+ analogue, were used in 
order to study properties of the chromaffin granule K+ 
channel since this method allows specific measurements 
in an heterogeneous population of vesicles. Experiments 
have been performed under conditions where only elec- 
trogenic transport of 8 6 ~ b +  was measured. This simple 
and convenient flux assay, combined with the marker 
enzyme estimations, allowed a valuable measuring of the 
K'CG channel activity. In the present report it has been used 
to study the effect of sulfhydryl reagents on theelectrogenic 
K+ transport in chrornaffin granules vesicles. 

Bovine adrenal medullae were fractionated as de- 
scribed by Brocklehurst and Pollard (1990) leading to 
crude chromaffin granule preparations. The crude chro- 
maffin granule pellet was resuspended in the homogeni- 
zation buffer, overlaid on 1.7 M sucrose, 1 mM EGTA, 
1 mM MgS04,5 mM Hepes, pH 7.3, and centrifuged at 
100,000 x g for 60 min at 4OC. The granular pellet was 
then resuspended in 25 volumes of solution containing 
1mM MgS04,20 mM Hepes, pH 7.3, and lysed by freez- 
ing and thawing. Subsequently, the suspension of chro- 
maffin granule membranes was centrifuged at 48,000 x 
g for 30 min. The obtained pellet was resuspended in the 
lysis buffer, and the centrifugation was repeated. Further 
purification has been carried out by repeating resuspen- 

sion of the pellet, its placing over a 1 M sucrose cushion 
and centrifugation. In detail, membrane suspension (2.5 
ml) was overlaid on top of 12 ml of solution containing 
1 M sucrose, 10 mM HepesIKOH, pH 7.3 in Beckman 
SW28.1 rotor tubes and centrifuged at 100,000 x g for 
90 min. The chromaffin granule membranes remaining 
on the top of the sucrose cushion were collected and re- 
suspended in 25 volumes of 10 mM HepesIKOH buffer, 
pH 7.4. The membranes were then centrifuged at 48,000 x 
g for 30 min and, subsequently, the pellet was resuspendetl 
in the buffer containing 100 mM KC1, 10 rnM Hepesmris, 
pH 7.4 at a protein concentration of 1 mglrnl. Aliquots of 
this final suspension were frozen. The presence of a chro- 
maffin granule membrane marker, cytochrome b561, was 
measured by difference spectrum between dithionite-re- 
duced and oxidized states at 561 nm (Zinder et al. 1978). 

8 6 ~ b +  flux measurements through ion-conducting 
pathways were performed essentially as described be,- 
fore (Garty et al. 1983, Garty and Karlish 1989). The 
chromaffin vesicles were prepared to contain 100 rnM 
KC1 inside. Integrity of the vesicles was tested by esti.- 
mation of membrane potential (with safranine 0 ) ,  after 
application of valinomycin. Shortly before starting the 
assay, the external 100 mM K+ was replaced with ~ r i s +  
ion on DOWEX ion-exchange resin that resulted in the 
formation of a K+ gradient and, subsequently, in the ef- 
flux of K+ from chromaffin granule vesicles. An electri- 
cal diffusion potential (negative inside) was thus 
established in the vesicles containing active K+ channels. 
The addition of 8 6 ~ b +  (a K+ analogue) to the external sol- 
ution under such conditions should lead to the uptake of 
8 6 ~ b + ,  against the K+ gradient exclusively in the vesicles 
containing active channels. The process may occur due 
to the 8 6 ~ b +  equilibration according to the diffusion 
potential previously built up across the granular mem- 
brane, what also amplifies the sensitivity of transport 
measurements. In addition, the 86~b+uptake does not af- 
fect the potential itself. 

An application of this method offers essential advant- 
ages to studies on intracellular ion channels. Procedures 
of tissue fractionation often lead to heterogeneous mem- 
brane vesicles, creating difficulties in interpretation of 
the single channel activity measurements in black lipid 
membranes. Instead, flux studies with membrane 
vesicles, plus estimation of suitable marker enzymes, 
allow to correlate the measured transport activity with a 
specific intracellular compartment. Also, flux measure- 
ments enable studies of numerous ionic channel effec- 
tors within a short time. 
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86 + Fig. 1. Time course of Rb uptake into the chromaffin gra- 
nules. Accumulation of radioactivity (m) into the chromaffin 
granules was measured as described below. At the time point 
indicated by an arrow, 30 mM KC1 was added to the reaction 
mixture (A). Accumulation of radioactivity in presence of 
3 mM N-ethylmaleimide (NEM) is also shown ('I). Measure- 
ments were performed as follows: aliquots of 100 yl of the 
chromaffin granule vesicles suspension were applied to small 
Dowex (50-X8 Tris form) columns and eluted with 1.5 ml of 
175 mM sucrose. This step was performed to exchange the ex- 
ternal potassium cations into ~ r i s ' .  The assa was initiated 
30 s later by the addition of 2 - 4 yCi of '$kbCl (specific 
radioactivity of 20 Ci/mmol, Polatom, Poland). Subsequently, 
in order to separate the vesicles from the medium, 100 y1 
aliquots of the reaction mixture were applied to Dowex col- 
umns (50-X8 Tris form), and vesicles were eluted directly into 
the counting vials by addition of sucrose solution, as pre- 
viously. The amount of 8 6 ~ b +  trapped within the vesicles 
(eluted from the Dowex columns) was estimated by scintilla- 
tion counting. Measurements were performed at 2 0 ' ~ .  The 
8 6 ~ b +  content is expressed as a percentage of the initial total 
radioactivity in the vesicle reaction medium, or as a percent- 
age of the control (sample without added reagents). Figure 

86 shows a representative time course of Rb uptake for 4 dif- 
2 ferent experiments. Inset: Linear correlation (r = 0.965) be- 

tween the 8 6 ~ b +  uptake found in various adrenal medulla 
membrane vesicle preparations (submitochondrial particles, 
microsomes, chromaffin granules) and the level of cytoch- 
rome b561. The accumulation of radioactivity was measured 
45 min following addition of 8 6 ~ b ~ 1  to the vesicles (per- 
formed as described above). 

Figure 1 presents the time course of 8 6 ~ b +  uptake into 
chromaffin granule vesicles, expressed as a percentage 
of the total radioactivity in the sample. Addition of 
30 mM KC1, causing depolarization of the diffusion 
potential, promoted a rapid efflux of 8 6 ~ b +  from the 
vesicles. In the presence of 3 mM N-ethylmaleimide ac- 
cumulation of 8 6 ~ b +  was found to be very low. 

In order to verify whether the measured 8 6 ~ b +  uptake 
activity is localized in the chromaffin granules mem- 
branes, both the transport activity and the cytochrome 
b561 level (maker enzyme of chromaffin granule mem- 
branes) were estimated in different populations of 
vesicles obtained during adrenal gland fractionation. 
Figure 1 (inset) shows the comparison of 8 6 ~ b +  uptake 
with the level of cytochrome b561 in different subcellular 
fractions: submitochondrial particles, microsomes and 
chromaffin granule ghosts. The high 8 6 ~ b +  uptake was 
found to correlate very well with the level of cytochrome 
b561 (Fig. 1). Additionally, no correlation was found of 
the 5-nucleotidase, glucoso-6-phosphatase or cytoch- 
rome c oxidase activities with 8 6 ~ b +  uptake in micro- 
somes and submitochondrial particles, respectively (data 
not shown). Hence, it is concluded that the measured 
channel activity is located in chromaffin granules mem- 
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Fig. 2. Concentration dependence of the effect of mersalyl 
and N-ethylmaleimide on 8 6 ~ b +  uptake into chromaffin gra- 

86 + nules. Measurements of the Rb uptake into chromaffin gra- 
nules were performed as described in the legend to Fig. 1. 
Points represent mean + SD. Figure shows results of one rep- 
resentative experiment out of three independent experiments. 
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brane. In addition, with no diffusion potential created (no 
K+ gradient) the accumulation of 8 6 ~ b +  was found to be 
very low, confirming that the applied assay measures an 
electrogenic transport of K+ (data not shown). 

Figure 2 shows the effect of SH-reagents (NEM, mer- 
salyl) on 8 6 ~ b +  uptake into the chromaffin granules 
vesicles. Both NEM and mersalyl were found to inhibit 
the measured transport. Figure 2 shows the concentra- 
tion dependence of the inhibitory effects exerted by 
NEM (IC5o = 0.88 If: 0.08 rnM) and mersalyl (IC5o = 10 
f 2 yM). In addition, s 6 ~ b +  uptake was found to be in- 
hibited by phenylarsenoxide (IC5o = 34 f 4 yM) (data not 
shown), what supplies strong evidence for the presence 
of vicinal SH-groups in K+CG channel. 

In conclusion, results of the present investigation 
point to the sensibility of electrogenic K+ transport sys- 
tem in chromaffin granules to SH modifying agents. The 
described inhibitory effects could prove useful in further 
studies dedicated to the identification of a specific in- 
hibitor of the granular potassium channel. 
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