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Summary. Two-dimensional crystalline arrays of Ca 2 +-ATPase 
molecules develop after treatment of sarcoplasmic reticulum 
vesicles with Na3VO4 in a Ca2+-free medium. The influence 
of membrane potential upon the rate of crystallization was stud- 
ied by ion substitution using oxonol VI and 3,3'-diethyl-2,2'- 
thiadicarbocyanine ( D i - S - C z ( 5 ) )  to monitor inside positive 
or inside negative membrane potentials, respectively. Positive 
transmembrane potential accelerates the rate of crystallization 
o f  C a  2 +-ATPase, while negative potential disrupts preformed 
Ca 2 +-ATPase crystals, suggesting an influence of transmem- 
brane potential upon the conformation of Ca 2 +-ATPase. 
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Introduction 

Two-dimensional crystalline arrays of the Ca z§ 
transport ATPase develop after treatment of sarco- 
plasmic reticulum vesicles with Na3VO 4 in a Ca 2 § 
free medium (Dux & Martonosi, 1983a). In order 
to form crystals the Ca 2 § molecules must 
assume the E: conformation, which is stabilized 
by vanadate. Ca 2 § in concentration sufficient to 
saturate the high affinity Ca a § binding site of the 
Ca a§ prevents the formation of ATPase 
crystals and disrupts the crystals that were formed 
previously (Dux & Martonosi, 1983a). These ef- 
fects of Ca 2 + can be attributed to the changes in 
the conformation of Ca 2 § associated with 
the binding of Ca 2 § Based on these observations 
the crystallization of Ca 2 § may serve as 
an indicator of the conformational requirements 
of ATPase-ATPase interactions in sarcoplasmic re- 
ticulum membranes. 

Artificially imposed inside positive membrane 
diffusion potential strongly accelerated the rate of 
formation of Ca 2 +-ATPase crystals (Dux & Mar- 
tonosi, 1983 b). Inside negative potential interfered 
with the crystallization, and disrupted preformed 
Ca 2 § crystals. It is assumed that the mem- 
brane potential alters the conformational equilibri- 

um of C a  2 + - A T P a s e  in a manner that either pro- 
motes or hinders the interaction between ATPase 
molecules, depending upon the direction of the po- 
tential (Dux & Martonosi, 1983b). These observa- 
tions may have physiological significance in light 
of the membrane potential changes in sarcoplasmic 
reticulum that accompany the uptake and release 
o f  C a  2 + in vivo (Bezanilla & Horowicz, 1975; Ver- 
gara & Bezanilla, 1981) and in vitro (Beeler, 1980; 
Beeler, Farmen & Martonosi, 198/). 

Incorporation of the Ca 2 + transport ATPase 
into phosphotipid vesicles increases the permeabili- 
ty of the membrane by several orders of magnitude 
(Jilka, Martonosi & Tillack, 1975; Martonosi, 
J 975; Jilka & Martonosi, 1977). Therefore, in addi- 
tion to its role in mediating ATP-dependent active 
C a  2 + transport, the Ca z +-ATPase also contributes 
to the passive permeability of the membrane to 
ions and other small molecules. Considering the 
effect of membrane potential on ATPase-ATPase 
interactions (Dux & Martonosi, 1983b) and the 
potential changes associated with the uptake and 
release of C a  2 + by sarcoplasmic reticulum (Beeler 
et al., 1981 ; Vergara & Bezanilla, 1981) it is tempt- 
ing to speculate that changes in the conformational 
equilibrium of Ca 2 +-ATPase under the influence 
of membrane potential may contribute to the 
changes in the Ca 2+ permeability of sarcoplasmic 
reticulum membrane by altering the monomer- 
polymer equilibrium of C a  2 +-ATPase (Martonosi 
et al., 1977; Vanderkooi et al., 1977) 

As a first step to test this hypothesis we ana- 
lyzed the effect of Na3VO 4 upon the magnitude 
and duration of membrane potential generated by 
ion substitutions in rabbit sarcoplasmic reticulum 
vesicles, using the voltage sensitive dyes diethyl- 
thiadicarbocyanine and oxonol VI, and compared 
the changes in membrane potential with the rate 
of crystallization of Ca 2 +-ATPase. 
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Materials and Methods 

Sarcoplasmic reticulum vesicles were prepared from predomi- 
nantly white rabbit skeletal muscle, as described earlier (Naka- 
mura et al., 1976), with slight modifications (Beeler et al., 1981). 

Diffusion potential across the sarcoplasmic reticulum 
membrane was generated by ion substitution, as described in 
detail in the text and in the Figure legends. The difference 
absorbances of oxonol VI (Molecular Probes, Inc., Junction 
City, Oregon) and 3,3'diethyl-2,2'-thiadicarbocyanine ( D i -  S - 
C2(5)) (Eastman Kodak, Rochester, New York) were recorded 
on an Aminco DW-2 spectrophotometer. The absorbance 
changes of oxonol VI and D i - S - C 2 ( 5  ) served to evaluate 
the changes in inside-positive and inside-negative membrane 
potential, respectively (Beeler et al., 1981). Oxonol VI contains 
delocalized negative charges and accumulates into compart- 
ments under the influence of inside positive potential, resulting 
in absorbance and fluorescence changes. D i - S - C 2 ( 5  ), a dye 
with delocalized positive charges, responds in an analogous 
manner to inside negative potential. 

For electron microscopy, the vesicle suspensions (-~ 1 mg 
protein/ml) were placed on carbon-coated parlodion films and 
negatively stained with freshly prepared 1% uranyl acetate 
(pH 4.3). The specimens were viewed with a Siemens Elmiskop 
102 electron microscope at 60 kV accelerating voltage. For 
magnification calibration catalase crystals negatively stained 
with 1% uranyl acetate were used. 

Results 

CA 2 + - A T P A s E  MEMBRANE CRYSTALS 
IN SARCOPLASMIC RETICULUM 

Crystalline arrays of C a  2 + - A T P a s e  develop upon 
exposure of sarcoplasmic reticulum vesicles to 
5 mM Na3VO 4 in a Ca2+-free medium, at 2 ~ 
(Fig. 1). The Ca 2 +-ATPase crystals are usually ob- 
served on the surface of elongated tubules which 
are approximately 600 to 800/~ in diameter. The 
crystal lattice consists of  chains of ATPase dimers 
which are in register with neighboring chains, and 
surround the tubules in a right-handed helix (Tay- 
lor, Dux & Martonosi, 1983a; Peracchia et al. 1). 
The diagonal lattice arises from superimposition 
of the front and rear images of the collapsed cylin- 
ders. The lattice constants are: a=56 .34A,  b -- 
104.78A and y=72.72 ~ (Taylor etal.,  1983). 
Under the conditions described in Fig. 1, crystalli- 
zation of about 2/3 of the vesicles requires 1 to 
2 days. 

Very much faster crystallization of the Ca 2 +- 
ATPase was observed after dilution of the vesicles 
preincubated in 0.15 M choline chloride medium 
into a medium containing 0.15 M K-glutamate and 

1 C. Peracchia, L. Dux & A. Martonosi. Crystallization of 
intramembrane particles in rabbit sarcoplasmic reticulum vesi- 
cles by vanadate. (unpublished) 

Fig. 1. Crystalline arrays of Ca-ATPase molecules in rabbit sar- 
coplasmic reticulum vesicles. Sarcoplasmic reticulum vesicles 
were incubated in 0.1 M KC1, 10 mM imidazole pH 7.4, 5 mM 
MgClz, 0.5 mM EGTA, 5 mM Na3VO 4 at 2 ~ and samples 
were taken for negative staining after 4 days. Magnification: 
239,519 x 

5 mM Na3VO 4 (Fig. 2). Under these conditions 
outward movement of C1- and inward movement 
of K + generate an inside positive diffusion poten- 
tial across the vesicle membrane. Within 15 sec 
after dilution, Ca2+-ATPase crystals were ob- 
served on the surface of about half of  the vesicles. 
Control preparations which were pre-equilibrated 
in K-glutamate medium, showed essentially no 
crystallization 15 sec after transfer into K-gluta- 
mate medium containing 5 mM Na3VO 4 (Fig. 3). 
Under these conditions no potential is expected 
to develop, and significant crystallization requires 
several hours of incubation with vanadate. 

These observations, together with earlier find- 
ings (Dux & Martonosi, 1983 b), establish that con- 
ditions which are expected to generate positive 
membrane potential facilitate the association of 
ATPase molecules into extended crystalline arrays. 
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Fig. 3. Surface structure of vesicles after dilution into medium 
of identical composition. Sarcoplasmic reticulum vesicles 
(10 mg/ml) were pre-incubated in 0.15 M K-glutamate, 10 mM 
imidazote pH 7.4, 5 mM MgC12, and 0.5 mM EGTA medium 
for 16 hr, then diluted 10-fold in the same medium containing 
5 mM Na3VO 4. Negative staining was completed 15 sec after 
dilution. Magnification: 102,651 x 

Fig. 2. Rapid crystallization of Ca-ATPase molecules under the 
influence of inside positive potential. Sarcoplasmic reticulum 
vesicles (10 mg/ml) were preincubated in 0.15 M choline chlo- 
ride, 10 mM imidazole pH 7.4, 5 mM MgC12 and 0.5 mM EGTA 
for 16 hr at 2 ~ and then diluted 10-fold in 0.15 M K-gluta- 
mate, 10 mM imidazole pH 7.4, 5 mM MgC12, 0.5 mM EGTA, 
5 mM Na3VO 4 containing medium. Negative staining was car- 
ried out 15 sec after dilution. Magnification: 102,651 x 

OXONOL VI  SIGNALS IN VANADATE-TREATED 
SARCOPLASMIC RETICULUM VESICLES 
AFTER TRANSFER FROM CHOLINE CHLORIDE 
INTO K-GLUTAMATE MEDIUM 

T h e  t ime  c o u r s e  o f  t h e  p o t e n t i a l  c h a n g e  g e n e r a t e d  
b y  t r a n s f e r  o f  ves ic les  f r o m  c h o l i n e  c h l o r i d e  i n to  
K - g l u t a m a t e  m e d i u m  was  f o l l o w e d  b y  m e a s u r i n g  
the  d i f f e r ence  a b s o r b a n c e  o f  the  v o l t a g e  sens i t ive  
d y e  o x o n o l  V I  a t  625 to  586 n m  (F ig .  4). 

D i l u t i o n  o f  c o n t r o l  ves ic les  f r o m  K - g l u t a m a t e  
i n to  K - g l u t a m a t e  m e d i a  c o n t a i n i n g  50 gM C a  
(F ig .  4 A ,  s a m p l e  1') i nc r ea se s  the  a b s o r b a n c e  b y  
a b o u t  0.14 to  0.15 u n i t s ;  the  a b s o r b a n c e  c h a n g e  
o f  c o n t r o l  s a m p l e s  c o n t a i n i n g  5 mM v a n a d a t e  
( s a m p l e  2 ' )  is s i gn i f i c an t l y  smal l e r .  T h e  a b s o r b a n c e  
c h a n g e  in c o n t r o l  s a m p l e s  r a p i d l y  ach ieves  a s t e a d y  

IN 
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Fig. 4. Absorbance changes of oxonol VI upon dilution of vesi- 
cles pre-equilibrated in choline chloride into K-glutamate medi- 
um. Sarcoplasmic reticulum vesicles (30 mg protein/ml) were 
equilibrated overnight at 2 ~ in medium containing 0.15 M cho- 
line chloride, 10 mM histidine (pH 6.8), 5 mM MgSO4, and 
50 gM CaC12. Inside positive membrane potentials were gener- 
ated by diluting 4 gl aliquots of this suspension into 2 ml of 
medium containing 0.15N K-glutamate, I0mM histidine 
(pH 6.8), 5 mM MgSO4, 10 gg/ml oxonol VI and: 50 gM CaC1 z 
(trace 1); 50 gM CaC12, 5 mM Na3VO ~ (trace 2); I mM EGTA 
(trace 3); or 1 mu EGTA, 5 mM Na3VO 4 (trace 4). The differ- 
ence absorbance of oxonol VI at 625 to 586 nm was measured 
in an Aminco DW-2 spectrophotometer at 10 ~ For controls, 
the sarcoplasmic reticulum vesicles were equilibrated in K-glu- 
tamate instead of choline chloride medium and diluted as de- 
scribed above (traces 1'~4') 



76 T.J. Beeler et aI. : Na3VO 4 and Membrane Potential 

Fig. 5. Disruption of Ca 2 +-ATPase membrane crystais under 
the influence of inside negative potential. Sarcoplasmic reticu- 
lum vesicles (10 mg/ml) were precrystallized in 0.15 M K-gluta- 
mate, 10 mN imidazole pH 7.4, 5 mM MgC12, 0.5 mM EGTA, 
5 mM Na3VO 4 medium at 2 ~ for 16 hr. Under this condition 
65 to 70% of the vesicles show crystalline arrays (Dux & Mar- 
tonosi, 1983b). Negative potential was generated by 10-fold 
dilution of the samples in a 0.15 N choline chloride containing 
medium of otherwise identical composition. Magnification: 
102,651 x 

level that presumably reflects the binding of oxonol 
VI to the sarcoplasmic reticulum vesicles in the 
absence of potential. 

Dilution of vesicles from choline chloride into 
K-glutamate medium containing 50laM C a  2+ 
(Fig. 4A, sample 1), causes a much greater absorb- 
ance change (AA~0.20) due to the generation of 
inside positive potential; this is followed by a rapid 
decline of the optical response as the potential is 
dissipated. Dilution into K-glutamate medium 
containing 50 gM Ca and 5 mM Na3VO 4 (Fig. 4A, 
sample 2) gave an initial absorbance change of 
0.151 which declined to a level intermediate be- 
tween that of  samples 1' and 2'. The smaller ab- 
sorbance change observed in the presence of vana- 
date (sample 2) may be due to at least two causes: 

1. An effect of  Na3VO 4 on the absorbance of 
oxonol VI, as also reflected by the difference be- 
tween the absorbance response of the two control 
samples (samples 1' and T). 

2. Na3VO 4 decreases the potential generated by 
ion substitution presumably because it changes the 
permeability of the membrane to ions. 

The difference between samples I and 2 cannot 
be attributed to crystallization of the Ca/+- 
ATPase since 50 tXM Ca 2 + completely inhibits the 
formation of Ca 2 + - A T P a s e  crystals. 

In Fig. 4B a similar experiment is described ex- 
cept that the dilution medium contained 1 mM 
EGTA to lower free [Ca 2+] below 10 -8 M. The 
absorbance change observed upon transfer of vesi- 
cles from choline chloride into K-glutamate medi- 
um containing EGTA is much greater in the ab- 
sence (Fig. 4B, sample 3) than in the presence of 
5 mM Na3VO 4 (Fig. 4B, sample 4); in both sam- 
ples the difference absorption rapidly decreases 
and in the presence of N a 3 V O  4 (sample 4) within 
1 to 2 rain approaches the level of  the correspond- 
ing control (sample 4') without preimposed poten- 
tial. In the absence of vanadate (sample 3) the po- 
tential signal reaches a relatively steady level 2 min 
after dilution, that is significantly greater than in 
the control (sample 3') without pre-imposed poten- 
tial. These observations imply that the signal of  
oxonol VI to inside positive potential generated 
by ion substitution is small and short-lived in the 
presence of EGTA and Na3VO4, and within 2 min 
the potential is largely dissipated. Therefore condi- 
tions that promote the crystallization of Ca z+- 
ATPase decrease the potential response of oxonol 
VI to ion substitution, presumably by changing 
the ion permeability of sarcoplasmic reticulum. 

INFLUENCE OF INSIDE NEGATIVE POTENTIAL 
UPON PREFORMED CA 2 +-ATPASE CRYSTALS 

Ca 2 +-ATPase crystals were formed by incubation 
of sarcoplasmic reticulum vesicles in a medium of 
0.15 i K-glutamate, 10 mM imidazole pH 7.4, 
5 m i  MgC12, 0.5 mM EGTA and 5 m i  Na3VO , 
at 2 ~ for 16 hr. About 2/3 of the vesicles showed 
crystalline arrays similar to those in Fig. I on at 
least a portion of their surface. Dilution of this 
suspension into a similar medium in which K-glu- 
tamate was replaced with 0.15 M choline chloride 
caused the complete disappearance of the crystal 
lattice within 15 to 30 sec (Fig. 5). Substitution of 
K-glutamate with choline chloride is expected to 
produce inside negative potential and it is assumed 
that the conformational change of the C a  2+- 
ATPase under the influence of this potential is re- 
sponsible for the disruption and disappearance of 
the Ca 2 +-ATPase crystals. 

The time course and magnitude of the potential 
were measured using the voltage sensitive dye D i -  
S - C2(5) as indicator. Dilution of sarcoplasmic re- 
ticulum vesicles equilibrated in a K-glutamate me- 
dium into a medium containing choline chloride 
causes a decrease in the difference absorbance of 
D i -  S -- C1(5) at 660 to 700 nm in response to neg- 
ative potential; this is followed by a slow return 
of absorbance to near starting levels as the poten- 
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Fig. 6. Changes in the absorbance of D i - - S -  C2(5) after dilu- 
tion of sarcoplasmic reticulum vesicles from K-glutamate into 
choline chloride medium. Sarcoplasmic reticulum vesicles 
(30 mg protein/ml) were equilibrated overnight at 2 ~ in medi- 
um containing 0.15 M K-glutamate, 10 m s  histidine (pH 6.8), 
5 mN MgSO4 and 50 gN CaC1 z, Inside negative potentials were 
generated by diluting 4 gl aliquots of this suspension into 2 ml 
of medium containing 0.15 N choline chloride, 10 mN histidine 
(pH 6.8), 5 mM MgSO4, 10 ~tg/ml D i - S - C 2 ( 5 ) ,  1 ~ti~ valino- 
mycin and: 50 gM CaCI z (trace 1); 50 ~tM CaCI> 5 mM Na3VO4 
(trace 2); i mM EGTA (trace 3); 1 mM EGTA, 5 mM Na3VO4 
(trace 4). The difference absorbance of D i - S - C 2 ( 5  ) at 660 
to 700 nm was measured in an Aminco DW-2 spectrophotome- 
ter at 10 ~ For controls, the sarcoplasmic reticulum vesicles 
were equilibrated in choline chloride instead of K-glutamate 
and diluted as described above (traces 1'~4') 

tial is dissipated (Fig. 6, samples 1-4). Control 
samples diluted from choline-C1 into choline-C1 
(Fig. 6, samples 1'-4') are not expected to generate 
potential and show only a slow increase in differ- 
ence absorbance that is probably attributable to 
slow penetration of the dye into the vesicles. The 
rate of this change is much slower than the change 
observed under the influence of potential, and is 
not likely to affect significantly the conclusions. 
The magnitude of the absorbance change is greater 
in the absence (samples I and 3) than in the pres- 
ence (samples 2 and 4) of vanadate whether the 
dilution medium contains 50 gM Ca (samples 1 and 
2) or 1 mM EGTA (samples 3 and 4). 

These observations suggest that Na3VO4 de- 
creases the magnitude and duration of the poten- 
tial change induced by ion substitution, presum- 
ably due to a change in the permeability of the 
membranes for ions. 

There is no significant difference in the ampli- 
tude of the optical response between samples pre- 
incubated in the presence of 50 gM CaCI> that in- 
terferes with crystallization of the Ca2+-ATPase 
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Fig. 7. Changes in absorbance of D i - S - C 2 ( 5  ) after dilution 
of sarcoplasmic reticulum vesicles from K-glutamate into cho- 
line chloride medium. Sarcoplasmic reticutum vesicles (30 mg 
protein/ml) were equilibrated overnight in a medium containing 
0.15 M K-glutamate, 10 m~ histidine pH 6.8, 5 mM MgSO4, and 
either 50 gu  CaCI 2 (samples 1 and 2) or i 1riM EGTA (samples 3 
and 4). Samples 2 and 4 contained 5 m~ NasVO 4. During incu- 
bation in the presence of EGTA and NasVO 4 (sample 4) Ca z +- 
ATPase crystals develop while samples t -3  serve as crystal-free 
controls. After overnight incubation the samples were dituted 
into media containing 0.15 ~ choline chloride, 10 m,'~ histidine 
pH6.8, 5 m ~  MgSO4, 50~aM CaCI 2 and 10gg/ml D i - S -  
Cz(5). The difference absorbance of D i - S - C 2 ( 5  ) was mea- 
sured at the wavelength pair of 660 to 700 nm 

(Fig. 7, samples 1, 2), and samples pre-incubated 
with 1 mM EGTA (Fig. 7, samples 3-4), that pro- 
motes crystallization of Ca 2 +-ATPase in the pres- 
ence of Na3VO 4 (Fig. 7, sample 4). Therefore pre- 
existing crystalline arrays of Ca z § do not 
affect the magnitude of potential change after 
transfer into choline chloride medium. The rate 
of disappearance of the optical response is slightly 
faster in samples containing I mM EGTA (Fig. 7, 
samples 3 and 4) in agreement with earlier observa- 
tions (Duggan & Martonosi, 1970) that EGTA in- 
creases the permeability of sarcoplasmic reticulum 
membrane. This effect of EGTA is neutralized by 
Ca2 +. 

EFFECT OF OTHER ION SUBSTITUTIONS 

Transfer of vesicles from a Na-methanesulfonate 
solution into a medium containing K-methanesul- 
fonate and 1 gM valinomycin also generates posi- 
tive potential and promotes the crystallization of 
Ca2+-ATPase (Dux & Martonosi, 1983b), while 
transfer from K-methanesulfonate solution into a 
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medium of Na-methanesulfonate + 1 gM valinomy- 
cin disrupts C a  2 + - A T P a s e  crystals. Therefore the 
effects described in Figs. I through 6 are indeed 
attributable to changes in diffusion potential ac- 
ross the sarcoplasmic reticulum rather than to spe- 
cific ion effects. 

Discussion 

Two effects of  ion substitutions on the rate of crys- 
tallization of  Ca 2 +-ATPase were observed. 

1. Transfer of vesicles from choline chloride 
into K-glutamate medium generates an inside posi- 
tive potential across the vesicle membrane as indi- 
cated by a change in the absorbance of oxonol 
VI. The positive transmembrane potential favors 
the interaction between ATPase molecules with the 
formation of crystalline arrays of Ca2+-ATPase 
in the presence of Na3VO4, presumably by chang- 
ing the disposition of Ca 2 +-ATPase in the mem- 
brane. Imposition of positive potential in the ab- 
sence of Na3VO 4 did not cause significant crystalli- 
zation of Ca 2 +-ATPase, although it inhibited the 
ATPase and Ca 2 § transport activities of  sarcoplas- 
mic reticulum (Beeler et al., 1981). Therefore even 
in the absence of vanadate, transmembrane poten- 
tial affects the conformation of the Ca 2 +-ATPase 
in a functionally important manner. 

The absorbance change of oxonol VI caused 
by ion substitution is generally smaller under con- 
ditions that promote the crystallization of Ca 2 § 
ATPase, raising the possibility that the vanadate- 
induced formation of Ca2+-ATPase crystals in- 
creases the ion permeability of the membrane and 
facilitates the dissipation of transmembrane poten- 
tial. A direct effect of vanadate upon the optical 
response of oxonol VI is observed even in the pres- 
ence of Ca 2+, where crystallization cannot take 
place. The mechanism of this effect is not clear. 

The crystalline arrays formed under the influ- 
ence of positive potential usually occur on spheri- 
cal vesicles in contrast to the elongated tubules 
that form after several days of crystallization. This 
may imply that the formation of tubular structures 
is a secondary, relatively slow process that follows 
the rapid crystallization. 

2. Preformed crystalline arrays of Ca 2+- 
ATPase are disrupted when the microsome suspen- 
sion is diluted from K-glutamate into choline chlo- 
ride medium. Under these conditions an inside 
negative potential develops, as indicated by the ab- 
sorbance change of D i -  S - C2(5 ). The magnitude 
of the optical response is smaller in the presence 
than in the absence of  vanadate in the dilution 
medium. However this difference cannot be attrib- 

uted to crystallization of Ca 2 +-ATPase since crys- 
tallization did not occur in media containing 50 laN 
Ca 2 + and all crystals were destroyed upon dilution 
of vesicles from K-glutamate into choline chloride 
media. Na3VO 4 may directly interfere with the 
optical response of Di - S - C2(5) or could produce 
other changes in the membrane not related to crys- 
tallization. 

The disruption of Ca2+-ATPase crystals by 
negative membrane potential is probably attribut- 
able to an effect on the conformation of the C a  2 + 

ATPase that destabilizes ATPase-ATPase interac- 
tions. Since such interactions are presumed to take 
place in the E 2 conformation of the enzyme (Dux 
& Martonosi, 1983a), positive potential presum- 
ably favors the E 2 conformation, while negative 
potential would have the opposite effect. 

Although active Ca 2+ transport generates an 
inside positive potential (Beeler, 1980; Beeler et al., 
1981), and a transient negative potential may arise 
during activated Ca 2§ release (Beeler et al., 1981; 
Vergara & Bezanilla, 1981), there is no indication 
so far that these processes would be accompanied 
by changes in the monomer-polymer equilibrium 
of the Ca 2 +-ATPase. 
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