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Influence of Ca 2 + on the plasma membrane potential and electrogenic uptake of 

glycine by myeloma cells. Involvement of a Ca 2 +-activated K + channel 
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The involvement of Ca2+-activated K + channels in the regulation of the plasma membrane potential and 
electrogenic uptake of glycine in SP 2 / 0 - A G I 4  lymphocytes was investigated using the potentiometric 
indicator 3,3'-diethylthiodicarbocyanine iodide. The resting membrane potential was estimated to be - 57 + 6 
mV (n -- 4), a value similar to that of normal lymphocytes. The magnitude of the membrane potential and the 
electrogenic uptake of glycine were dependent on the extracellular K + concentration, [K+]o, and were 
significantly enhanced by exogenous calcium. The apparent Vma x of Na+-dependent glycine uptake was 
doubled in the presence of calcium, whereas the K 0 s was not affected. Ouabain had no influence on the 
membrane potential under the conditions employed. Additional criteria used to demonstrate the presence of 
Ca2+-activated K + channels included the following: (1) addition of EGTA to calcium supplemented cells 
elicited a rapid depolarization of the membrane potential that was dependent on [K+lo; (2) the calmodulin 
antagonist, trifluoperazine, depolarized the membrane potential in a dose-dependent and saturable manner 
with an ICso of 9.4 pM; and (3) cells treated with the CaZ+-activated K + channel antagonist, quinine, 
demonstrated an elevated membrane potential and depressed electrogenic glycine uptake. Results from the 
present study provide evidence for Ca2+-activated K + channels in SP 2 /0 -AG14  lymphocytes, and that their 
involvement regulates the plasma membrane potential and thereby the electrogenic uptake of Na+-dependent 
amino acids. 
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Abbreviations dIS-C2-(5 ). 3,3'-dlethylthlo&carbocyanme 
xo&de, diS-C3-(5 ), 3,3'-dapropyltbaodlcarbocyanlne lo&de, 
TPMP + methyltrlphenylphosphonmm, TPP ÷, tetraphenyl- 
phosphonmm, bls-oxonol, bls-(1,3-dlethylthlobarblturate)-tn- 
metluneoxonol, [K ÷ ]o, extracellular K + concentraUon (K ÷ 
added), [K ÷ ]~, the mtracellular K + concentration, ICs0, half- 
maximal mtubltory concentratmn, EK÷, K + equlhbnum poten- 
tial 

Introduction 

Certain Ca 2 +-induced changes m voltage across 
the plasma membrane of animal cells have been 
reported for a variety of tissues [1,2] whtch appear 
to be ~mtlated by the specific gating of K + in a 
Ca2+-dependent manner This phenomenon was 
onglnally described by Gardos [3] in human 
erythrocytes and subsequently has been shown to 
be regulated by calmoduhn [4] Since then the 
presence of specific Ca2+-actwated K ÷ conduc- 
tance pathways (channels) have been demon- 
strated in many mammalian cell types [1,2,5-18] 
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In this report we provide evidence for a similar 
Ca2+-dependent K + gate m cultured mouse 
myeloma cells We further demonstrate that the 
regulatmn of K + permeability may serve as an 
~mportant control of the plasma membrane poten- 
tial and, subsequently, the driving force for cellu- 
lar uptake of Na+-dependent  ammo acids, and 
possibly regulatmn of protein synthesis 

Materials and Methods 

The potentmmetrlc cyanlne dye, dlS-C2-(5 ) 
(laser grade) was purchased from Eastman Kodak  
dlS-C3-(5 ), was a gift from Dr Philip C Larls, 
tnfluoperazlne was a gift from Smith, Khne and 
French, vahnomycln, EGTA, ouabam, and quinine 
hydrochloride were from Sigma, glycme was from 
General Bmchetmcals, D M E M  (Dulbecco's mod- 
ified Eagle's medmm) and N C T C  135 were from 
Grand Island Baologmal Co All other chemmals 
were of reagent grade 

SP 2 /0 -AG14 mouse myeloma cells were cul- 
tured in medmm containing, m a final volume of 1 
hter, 10 7 g DMEM, 0 94 g NCTC 135, 10 9 mmol 
L-glutalmne, 1 4 mmol  L-cystelne, 1 0 mmol sodmm 
pyruvate, 50 #mol  B-mercaptoethanol, 14 3 mmol 
N a H C O  3, 12 6 mmol  Hepes, 50 mg gentamycm 
sulfate, 10% horse serum, and 5% fetal bowne 
serum The pH was adjusted to 7 2 Cells were 
grown in monolayer at 37°C m an atmosphere of 
95% mr and 5% CO 2 Log phase cells were 
harvested by gentle agitation, washed twine and 
resuspended to 10 v cel ls /ml  in Na+-Ranger buffer 
(154 mM NaC1, 6 2 mM KC1, 1 6 mM MgSO 4, 1 2 
mM CaC12, and 3 mM sodmm phosphate (pH 
7 4)), unless otherwise specified Prior to assay, 
ahquots of cells were dduted with buffer to a final 
concentratmn of 6 7 105/ml and premcubated for 
20 mln at 37°C m an orbital water bath shaker 
W~thout prelncubatlon, a progressive increase m 
dye fluorescence was observed, which leveled off 
within 20 nun (data not shown) A similar phe- 
nomenon was reported for Ehrllch ascltes tumor 
cells [19] and was shown subsequently to be due to 
electrogenlc loss of mtracellular Na+-coupled 
amino acids [20] In K+-free Na+-Rlnger buffer, 
NaC1 was substituted for KC1 K+-Rlnger and 
chohne-Rmger buffers were prepared by substltut- 

mg eqmvalent concentrations of KC1 and chohne 
chloride for NaC1 

Plasma membrane potential of cells suspended 
m Na+-Rlnger buffer (unless otherwise specified) 
was momtored contmuously m the presence of 1 7 
/ ,M cyanme dye The fmal volume m the cuvette 
was 3 ml and the temperature was mamtamed at 
37°C Fluorescence was momtored at excitation 
and enussmn wavelengths of 622 and 670 nm, 
respectively, using a Perkm-Elmer MPF-3 fluores- 
cence spectrophotometer eqmpped with a thermo- 
stated cell compartment  and electromcally con- 
trolled stirrer 

Quinine and trffluoperazme at the concentra- 
tmns used enhanced dye steady-state fluorescence 
To correct for this interference, changes m fluores- 
cence were momtored in the absence of a mem- 
brane potential (disrupted cell suspensmns) 
Ahquots of cells were subjected to three cycles of 
freezing and thawmg and then homogemzed m a 
Dounce homogemzer Complete dlsslpatmn of the 
membrane potentml was confirmed by adding 
vahnomycm and observing no change m fluores- 
cence under conditions where large changes m 
fluorescence were observed with mtact  cells (see 
below) The changes m fluorescence observed upon 
ad&tmn of quinine and trlfluoperazme to homo- 
genates m the presence of dye were subtracted 
from changes obtained under similar condmons 
using intact cells 

Results 

Effect of [K +] o on plasma membrane potenttal 
The addmon of the K+-spemfic mnophoretlc 

antlbmtm vahnomycm to cell suspensmns contain- 
mg d18-C2-(5 ) resulted in rapad changes in the 
total steady-state fluorescence (Fig 1) The direc- 
tion and degree of fluorescence changes were de- 
pendent on [K+]o, decreasing at low [K+]o (hy- 
perpolarlzed, reside more negative) and increasing 
at high [K+]0 (depolarized, reside less negative or 
posmve) (Fig 1A) These observations are similar 
to those w~th erythrocytes [21] and Ehrhch ascltes 
tumor cells [20] The use of this and other related 
po ten tmmemc  cyanlne dyes has been revmwed 
recently m detail for other cellular systems [22] A 
plot of the steady-state fluorescence after addmon 
of vahnomycm versus log[K + ]o resulted m a hnear 
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Fig 1 Effect of [K + ]o on the plasma membrnae potential 
Cells at a final concentration of 6 7 105/ml were prepared as 
described ]n Methods and Matenals (A) d1S-C2-(5 ) (1 7 #M) 
and vahnomycln (0 85/~M) were added where indicated to cells 
premcubated m the presence of varying [K +]o (3-85 mM) 
CaCI 2 (1 2 mM) was present m the buffer (B) Steady-state 
fluorescence of d1S-C2-(5) observed m A plotted as the log of 
[ K+ ]o before (O e) and after (A . . . . . .  A) the addmon of 
vahnomycm The relationship obtained m the absence of added 
Ca 2+ and vahnomycm is shown by ( I  I )  When this 
study was initiated, plot experiments were earned out w~th the 
eyanane dye analog &S-C3-(5 ) Thereafter, diS-C2-(5 ) was em- 
ployed since, unhke the former, it was commercmlly avadable 
with high purity Both compounds were essentially indis- 
tinguishable in terms of relative changes m fluorescence and 
response t~me The same exotat~on and enuss]on wavelengths 
were employed for both 

re la t ionship  above  10 m M  K +, and  hrmt lng  be low 
this value (F ig  1B) 

The  s teady-s ta te  f luorescence actueved af ter  ad-  
& t l o n  of  dye  to cells (pr ior  to add i t i on  of  
vahnomyc ln )  also was no ted  to be re la ted  hnear ly  
to log[K+]0,  over  the ent ire  range s tudied  (F ig  
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1B) It  should  be no ted  that  this hnear l ty  occurred  
wxttun the range where va l lnomyc ln -dependen t  
changes  m f luorescence were also a l inear  funct ion 
of  log[K+]o ( l e  at K + >  10 m M )  One  may  em- 
p loy  these da ta  to es t imate  the p l a sma  m e m b r a n e  

p o t e n u a l  difference ( E R )  under  ' r e s t ing '  or 
s teady-s ta te  condi t ions  co r respond ing  to those of  
cells m cul ture  at the t ime of harvest  This  ]s 
a ccomphshed  by  (1) assuming that,  in the pres- 
ence of vahnomycln ,  the e lect rochemical  gradient  
for K ÷ is the ma jo r  c o n t n b u t o r  to the p l a sma  
m e m b r a n e  potent ia l ,  and  may  be a p p r o x i m a t e d  by  
the Nerns t  equa t ion  for K + only [19], and,  (2) 
utdlzang only the l inear  po r t ion  of  the f luorescence 
versus log[K+]o curve (with vahnomycln )  which 
encompasses  the da ta  poin ts  for f luorescence in 
the absence  of  vahnomyc ln  (Fig  1B) In the pres-  
ence of va l inomycin ,  the K ÷ p e r m e a b d l t y  far ex- 
ceeds that  of  any  other  ion therefore,  

E R = EK+ = R T / F  ln[K + lo/[K + ], 

where  EK+ 1s the K + equ lhbr lum poten t ia l  Us ing  
this re la t ionship  one may  convert  f luorescence 
umts  to malhvolts over the hnear  po r t i on  of the 
vahnomyc ln  curve (A . . . . . .  A, F ig  1B) and inter-  
po la te  the m e m b r a n e  potent ia l  value on the Ca 2 + 
curve ( - - ,  F ig  1B) at [K+]0 = 5 m M  (cul- 
ture condi t ions)  Assunung  [K+],  to be 136 m M  
[23], one may,  therefore  calculate  the E R under  
cul ture  condi t ions  Using  this approach ,  E R was 
ca lcula ted  to be - 57 +_ 6 mV (n = 4), which IS in 
close agreement  to values ob ta ined  for l ympho-  
cytes  using [3H]TPMP + [13] and 3H-TPP+ (see 
Tab le  I, Ref  24 for review) 

In the absence of va l lnomycin ,  p lots  of f luores- 
cence versus log[K+]o (F ig  1B) y ie lded  straight  
lines both  in the presence (O O) and  absence 
of  Ca  2+ ( i  I ) ,  however,  the &fference  m 
slopes (expressed as A f luo rescence /A  log [K+]o)  
was signif icant  The  increase in f luorescence as a 
funct ion of  log[K+]o was s teeper  (s lope = 10 1 + 
2 8) m the presence of 1 2 m M  Ca 2÷ than in its 
absence  (s lope = 3 3 + 1 8), suggesting that  ad- 
d i t ion  of exogenous  Ca 2÷ fur ther  increased K ÷ 
pe rmeab i l i t y  If  the p l a sma  m e m b r a n e  was imper -  
meab le  to K ÷ a Slnular p lot  would  yield a s t ra ight  
l ine with zero s lope The  da ta  represent  the mean  
+ S E of four  separa te  de te rmina t ions  with slg- 
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mf icance  es t imated  by  pa~red S tuden t ' s  t-test, P < 
0 01 

Effect of EGTA 
The d iva lent  ca t ton chela tor  E G T A  was em- 

p loyed  to demons t r a t e  that  the h y p e r p o l a n z e d  state 
ob t a ined  m the presence  of low [K+]o is a Ca  2+- 
ac t tva ted  p h e n o m e n o n  whtch was i ndependen t  of 
M g  2+ E G T A  has a high a f f imty  (10763 M -1, p H  
7 4) for Ca  2+ and a low af fml ty  (101 84 M - 1  p H  

7 4) for Mg 2+ [25], so that  m the presence of  the 
chelator ,  app rox  99% of  the Mg 2+ presen t  re- 
ma ins  unche la ted  whereas  more  than 99% of  the 
Ca  2+ present  is assocmted with chela tor  [25] Ad-  
d l t ]on of E G T A  to hyperpo la r l zed  cells (Ca 2+ pre-  
sent  and  low [K+]0)  resul ted in a r ap id  depolar i -  
za t ion  (Fig  2) Thts  is taken  to represent  slgmfi-  
can t  mac t lva t ton  of  a Ca2+-dependent  increase  m 
K + pe rmeabd] ty  since the E G T A - m d u c e d  change  
m f luorescence was dependen t  on [K+]o and be-  
came progresswely  smal ler  at increas ing [K+]o 
(F ig  2) These  observa t ions  could not  be  expla ined  
by  loss of in tegr i ty  of the p l a sma  m e m b r a n e  per-  
meab th ty  b a r n e r  since subsequent  a d & t l o n  of 
v a h n o m y c m  resul ted m f luorescence changes m 
the &rec t lon  of the EK* m bo th  cases (F ig  2) 

Effect of ouabam 
W h e n  cells were incuba ted  in N a  +-Ranger buffer  

(Ca  z+ present)  at vary ing  (K+]o  m the presence of  
ouabam,  no  percep t ib le  d i f ference was observed  as 
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Fig 2 Effect of EGTA on the plasma membrane potential 
EGTA (1 mM) and vahnomycm (0 85/LM) were added, where 
indicated, to cells premcubated m the presence of low [K + ]o (5 
mM) or }ugh [K ÷ ]o (84 mM) after acluewng steady-state dye 
fluorescence Dashed line represents fluorescence of the dye m 
the absence of EGTA Other conditions were the same as those 
described m the legend to Fig I(A) 
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Fig 3 K+-dependent ouabam-sensmve alteration m the plasma 
membrane potentml Cells were prepared as descnbed m Meth- 
ods and Matermls, washed, resuspended (136 9 mM NaCI, 2 7 
mM KCI, 43 mM Na2HPO 4, 1 5 mM KH2PO4, and 05 mM 
MgCI 2 (pH 7 4) and Incubated at 4°C for approx 1 h prior to 
use A 15-fold dilution of the cells was then made into K+-free 
Ranger buffer supplemented with 10 mM D-glucose K ÷ (6 
mM) and ouabam (1 mM) were added, where indicated, after 
achieving steady-state dye fluorescence Dashed hne represents 
steady-state dye fluorescence m the absence of added K + 

c o m p a r e d  with  the cont ro l  (] e da t a  shown in Fig  
1B) Therefore,  Ca2+-dependent  changes m mem- 
b rane  potent ]a l  as a funct ion of [K + ]o appea red  to 
be i ndependen t  of  the ouaba ln - sens l twe  N a + , K  + 
p u m p  Nevertheless ,  ]t was poss ible  to demon-  
s t ra te  ouabaln-sens l t lve  N a + , K  + p u m p  ac twl ty  
w]th these cells Af te r  app rox  1 h at 4°C, the cells 
were d i lu ted  15-fold mto  warm K+-free  N a  +- 
Ranger buffer  Dye  was a d d e d  and f luorescence 
a l lowed to reach a s teady state (F ig  3) U n d e r  
these con&Uons,  the N a + , K  + p u m p  was inhib i ted  
due  to insuff icient  [K+]o since ad&Uon of exoge- 
nous K ÷ to i n m a t e  p u m p  acUvlty p roduced  a 
h y p e r p o l a n z a t l o n  which was reversed by  a d d m o n  
of  o u a b a m  (Fig  3) Thus,  these f indings  indicate  
the presence of a funcUonal  e lec t rogemc N a + , K  + 
p u m p  in the p l a sma  m e m b r a n e  of these ceils 

Effect of trzfluoperazme 
Tnf luoperazane  [10,11,14,15,26] and  re la ted 

phenothtazanes [27] have been repor ted  to b lock  
the Ca 2 +-dependent  increase  m K + pe rmeab i l i t y  m 
other  ussues A Slnular mlub l to ry  effect of tn-  
f luoperazme  also was observed  m the present  s tudy 
The  a d d m o n  of t n f l uope ra z me  reversed the hyper-  
po la r ized  s tate  reduced  in cells suspended  m N a  +- 
Ranger buffer  (Ca 2+ present)  at low [K+]o (F ig  4) 
The  lnh tb l tory  effect of  tnf luoperazane was dose- 
dependen t  and  sa tu rab le  be tween  2 to 30 ~tM The  
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Fig 4 Tnfluoperazme-dependent  depolarization of the plasma 
membrane  potentml Changes in the steady-state dye fluores- 
cence were momtored  upon the add,tlon of tnfluoperazlne to 
cells premcubated m the presence of low [K ÷ ]o (5 mM) 
Condmons  were the same as those descnbed m the legend to 
F~g I(A) The means from three separate preparations are 
shown The curve was obtmned by fitting the data to the Hdl 
equation using our adaptat ion (Long, J W ,  Jr and Vorbeck, 
M L unpubhshed data) of the method of Atkms [28] 

IC50 was determined to be 9 4 #M trlfluoperazine 
Data from the present studies suggest (1) the 
presence of a Ca2+-actlvated K + channel in the 
plasma membranes of these cells, and (2) that a 
Ca2+-dependent regulatory protein, for example 
calmoduhn, may play an important role in activa- 
tion of flus K ÷ specific permeability 

Effect of Na +-dependent amino acM uptake on 
membrane potential 

The addition of glycine to cells suspended in 
Na+-Rmger buffer (Fig 5) produced a concentra- 
tion-dependent increase in fluorescence (depolari- 
zation) similar to observations made with Ehrhch 
ascites tumor cells [19] Similar results were ob- 
tained with L-prohne (data not shown) Both these 
amino acids are cotransported with Na + (system 
A) and the driving force for mediated uptake of 
glycme is derived from the electrochemical gradi- 
ent for Na + [29] Substitution of choline for Na ÷ 
resulted m no change in fluorescence upon addition 
of glycine Furthermore, the addition of c-amino- 
caproic acid, wluch enters the cell via a Na+-lnde - 
pendent facilitated transport pathway, also gave 
no change in fluorescence These observations in- 
dicate that uptake of Na+-dependent amino acids 
in these myeloma cells is an electrogenlc process 
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Fig 5 Ca2+-enhanced glycme-dependent depolarization of the 
plasma membrane  potentml Changes m steady-state dye fluo- 
rescence were measured following the addmon of glycme to 
cells prelncubated m the presence (O O) and absence 
(* . . . . . .  A) of added Ca 2+ (1 2 mM) Experimental detads were 
as described m the legend to Ftg 1 with [K+]o =10  mM, and 
[ Na+  ]o = 80 m M  

Assuming that increases in fluorescence with ad- 
dition of increasing concentrations of glyclne re- 
flect the rate of uptake of the armno aods, one 
may evaluate the data using standard kinetic anal- 
ysis and obtain values for the K 0 5 and the Vma x 
These are given In Table I The presence of 1 2 
mM exogenously added Ca 2 + had a tughly s i g n i f i -  

c a n t  effect on the apparent electrogenlc uptake 
velocity of glycme (see also Fig 5) The apparent 
maximum velocity was doubled in the presence of 
Ca 2+ whereas the K05 was not significantly af- 
fected 

Effect of [K +1o and Ca -'+ on glycme-dependent 
membrane potenttal changes 

If the ionic basis of the membrane potential is 

TABLE I 

EFFECT OF Ca z+ ON KINETIC PARAMETERS FOR THE 
ELECTROGENIC U P T A K E  OF GLYCINE 

Data obtamed from Hill analys]s of the data See legends to 
Fig 5 and 6 for experimental detads Data expressed as the 
mean 4- S E (n = 4) 

Kanetlc Exogenous Ca z ÷ added Slgnlfl- 

parameter None 1 2 m M  cance 

K05 (mM) 4 4 + 1 9  3 5 4 - 0 6  n s  
Vm~ × (arbitrary 

fluorescence units) 9 35:1 2 18 7 4- 2 7 P < 0 01 
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Fig 6 Influence of Ca 2+ on glycine-induced K+-dependent 
depolarization of the plasma membrane potential Changes m 
K+-dependent steady-state dye fluorescence were measured 
following the addmon of glycxne (13 1 raM) and plotted as the 
log of [K + ]o m the presence (I O) and absence (A . . . . . .  
*) of added Ca 2+ (1 2 raM) Experimental detads were as 
described m the legend to Fig 1 [Na + ]o was maintained at 80 
mM 

primarily due to K + permeablhty m the presence 
of extracellular (exogenously added) Ca 2+, then 
the driving force for Na+-dependent amano acid 
uptake, an electrogenlc process, should be directly 
related to the magnitude of the plasma membrane 
K + gradient Furthermore, the glyclne-dependent 
depolarization (A Fgly ) should be a linear function 
of log[K+]o as predicted by the Nernst equation 
for K + 

As predicted, the extent of depolarization was a 
hnear function of log[K+]0 both In the presence 
and absence of added Ca 2+ (Fig 6) However, an 
enhancement of glycine-induced depolarization 
was obtained as evidenced by a steeper slope in 
cells preincubated and suspended in CaZ+-con - 
taming buffers 

The rate and degree of depolarization by glyclne 
was greatest when C a  2+ w a s  present, conditions 
under winch the Ca 2 +-dependent K + channels were 
presumably maximally activated Tins suggests that 
Ca z+ had a direct effect on the plasma membrane 
potential and consequently the electrical compo- 
nent of the Na + electrochemical gra&ent since 
[Na+]o was held constant at 80 mM The presence 
of C a  2 + m the extracellular mileau therefore mod- 
ified the dnwng force for entry of Na+-dependent 
amino acids to a greater extent simply by Increas- 
ing the plasma membrane's permeability to K + 

Ef]e~t of quinine 
PremcubaUon of cells m the presence of quinine, 

a known Ca2+-actlvated K + channel antagonist 
[30], resulted m a small depolarization of the mem- 
brane potentml (13 9 + 4 3% depolarization with 
0 75 mM quinme) Such a reduction m the trans- 
membrane potential also would be expected to 
result in a decrease in the uptake of glycme by 
hyperpolanzed cells As predicted, glycIne induced 
changes in steady-state dye fluorescence of hyper- 
polarized cells were minbited by quinine (25 4 + 
6 8% mhtbmon with 0 75 mM quinine) 

Discussion 

Plasma membrane K + channels whose activity 
is regulated by tntracellular Ca 2+ have obtained 
considerable attention recently for several reasons 
First, they may serve as the basis for explaining 
well known K + transients linked to stimulus secre- 
uon coupling such as those observed in exocrme 
glands [2] and other cellular activation events such 
as concanavahn A stimulation of capping and 
volume regulation m lymphocytes [13,15] and 
chemotactlc pept~de stimulation of phagocytosls m 
macrophages [9] Second. they may provide a 
fundamental rectlficaUon current, thus malntam- 
mg the plasma membrane in an electrically recep- 
tive steady-state analogous to the K+-dependent 
rectificatton of the action potential m nerve and 
muscle Tinrd, regulation of these K + channels 
may play a pivotal role m the transductlon of 
humoral signals [1,2,16] Finally, as addressed in 
the present study, their activation may &rectly 
mo&fy Na+-dependent amino acid uptake by in- 
creasing the electrochenucal gradient (through 
plasma membrane hyperpolanzation) for Na +, 
thereby suggesting a mechanism whereby the com- 
position of cellular amino acid pools may be mod- 
ulated by CaZ+-dependent control of membrane 
permeabdity Interestingly, the majority of essen- 
tml armno acids are accumulated m a Na+-depen - 
dent manner 

A discussion concerning the efficacious use of 
cyanlne dyes for monitoring membrane potentmls 
has been reviewed recently [22] Also, the fact that, 
under condmons employed in this study, the fluo- 
rescence signal reports the plasma membrane 
potential rather than that across the Inner 



mltochondrial membrane,  has been discussed 
elsewhere [22] d15-C3-(5 ) had been shown to block 
the Ca2+-actlvated K + channel of the erythrocyte 
plasma membrane under conditions of zero [K +]0 
[31] However. this complication was obviated by 
including 0 5 mM KC1 which would overcome the 
inhibitory effect d15-C3-(5) also has been reported 
to be toxic to cells by lowering ATP levels via 
inhibition of mltochondrlal oxidative phosphoryla- 
tIon at site I [32] In an effort to address this issue. 
Rink et al [23] assessed the membrane potential in 
lymphocytes using d15-C3-(5), and the relatively 
non-toxic fluorescent probe, bls-oxonol They de- 
termined that results with bis-oxonol supported 
those obtained with diS-C3-(5 ), and calibrated the 
lymphocyte membrane potential at - 6 0  mV using 
the K +/vahnomycin  null point method of Laris et 
al [19] Myeloma cells are neoplastic lymphocytes 
and our value for the plasma membrane potential 
is virtually Identical to that of normal lympho- 
cytes, being - 5 7  + 6 mV, obtained by using the 
same cahbratlon technique Interestingly, Rink et 
al [23]. who included 1 25 mM CaC12 in their 
buffer,  noted a depolarizat ion both  when 
lymphocytes were placed in tugh [K+]o medium 
and when cells were placed in low [K+]o medium 
but m the presence of 1 mM quinine On the basis 
of these observations, they referred the presence of 
a Ca2+-actlvated K + channel in lymphocytes [23] 

The data presented in this communication pro- 
vide evidence for the presence of a Ca 2+-activated 
K + channel in the plasma membrane of the mouse 
myeloma cell These channels appear to impose a 
fundamental influence on the plasma membrane 
potential which depends upon a crltlcat Ca 2+ 
threshold of cytoplasmic Ca 2+ Evidence which 
supports this contention is obtained from four 
observations First, the membrane potential, as 
reflected by fluorescence, was shown to be a linear 
function of log[K+]o, becoming more progres- 
sively depolarized at increasing [K+]o The rate 
and degree of depolarization was significantly en- 
hanced in the presence of exogenous Ca 2 + suggest- 
lng a Ca2+-dependent increase in K + permeablhty 
Second. the Ca 2+ chelator, EGTA, reversed the 
hyperpolarizatlon in low [K+]o, but had little or 
no effect at high [K+]o Third, quinine, a drug 
showing inhibition of different K+-channel types 
including the Ca 2+ activated variety, depolarized 
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the cell and lnhtblted the glycine-dependent in- 
crease in fluorescence However, the drug for un- 
known reasons appeared to be less effective as 
compared with other cell systems [33] and maybe 
related to its lack of specificity Nevertheless, this 
also suggests a chose relationship between func- 
tion of the K + channels and electrogenlcally cou- 
pled amino acid transport Finally, the calmoduhn 
antagonist, trlfluoperazlne, reversed the Ca2+-de - 
pendent hyperpolarlzatlon in low [K+]o medium 
in a dose-dependent fashion with an ICs0 in the 
mlcromolar range, in agreement with observations 
made in both adipocyte plasma membrane [26] 
and sarcolemmal preparations [10] where the ICs0 
values for trifluoperazine were 8/~M Interestingly, 
calmoduhn directly stimulates Ca2+-actlvated K + 
permeability in plasma membrane vesicles of 
erythrocytes [4] and adxpocytes [26] It therefore 
appears that this ubiquitous Ca 2+-dependent regu- 
latory protein also controls Ca 2 +-dependent gating 
of K + in the myeloma cells 

We next explored the effect of Na+-cotrans - 
ported alrnno acids, particularly glyclne, on the 
plasma membrane potential Glycine addition de- 
polarized the cells in a concentration-dependent 
fashion, yielding a K 05 of 3 -4  mM, if one as- 
sumes that glyclne induced depolanzation is pro- 
portlonal to uptake rate of the amino acid This is 
a reasonable assumption since, in a similar study 
with Ehrhch ascites tumor cells, a K 05 of 3 -4  mM 
was obtained for glycine utilizing results from 
d1S-C3-(5) fluorescence [19] Furthermore, this 
value agreed with the K05 obtained from 
[14C]glyclne uptake studies in the same cell type 
[341 

Since Na+-dependent amino acid uptake was 
demonstrated to be electrogenlc, we tested the 
hypothesis that glyclne induced depolarization may 
be changed in a predictable fashion in response to 
manipulation of the membrane potential via 
changes in [K+]0 in the presence of Ca 2+ The 
data presented demonstrate that the plasma mem- 
brane potential of myeloma cells may be altered in 
a K+-dependent manner in the presence of Ca 2+ 
In conjunction, the extent of depolanzatlon by the 
Na +-cotransported amino acid glyclne, which rep- 
resents electrogenlc uptake, may also be altered in 
a K+-dependent manner both in the presence and 
absence of exogenously added Ca 2+ Apparently. 
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the K + channels are active m both cases, but are 
activated to a greater degree upon exogenous ad- 
dmon of Ca 2+ Ordinarily, endogenous Ca 2+ pre- 
sent m standard ' Ca 2 + free' buffers is in the micro- 
molar range Intracellular Ca 2+ in these cells IS 
probably in the submlcromolar range Therefore, 
even in the absence of added Ca 2+, the electro- 
chemical gradient for Ca 2+ ~s still towardly di- 
rected with a total driving force of approx 80 mV, 
as compared with that of approx 160 mV in the 
presence of Ca 2+ (1 2 mM) Passive entry of Ca 2+ 
may therefore activate the Ca2+-dependent K + 
channels, but more so m the latter case Further- 
more, the K05 for Ca 2+ actlvanon of the K + 
channels may be as low as 30 nM free Ca ~'+, 
suggesting that they may be spontaneously active 
to some degree [26] 

There have been reports that changes in plasma 
membrane potential result m changes in thymldlne 
incorporation into DNA of Chinese hamster ovary 
cells [35,36] Interestingly, the changes m mem- 
brane potential were reduced simply by modifying 
the [K+]o m the medium bathing the cells In- 
creases m [K+]o resulted m a depolarazatlon and a 
reduced rate of cell prollferatmn Our observatmns 
provxdes a mechamsm whereby changes m mem- 
brane potential could regulate amino acid uptake 
and content of cellular armno acid pools Avalla- 
blhty of substrate for protein synthesis could con- 
ceivably prowde a means of growth regulation 
perhaps through control of the cell cycle Although 
these suggestmns are clearly hypothetical, modula- 
tmn of the Ca 2 +-activated K + channel by hormonal 
or other humoral factors could be a fundamental 
hnk to their ult~mae control of mtracellular amino 
acid metabohsm 
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