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Reconstitution experiments provide no evidence for a role 
for the 53-kDa glycoprotein in coupling Ca 2÷ transport to ATP 

hydrolysis by the ( Ca ~- "-Mg 2.) -ATPase in sarcoplasmic reticulum 
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The sarcoplasmie reticulum (SR) of skeletal muscle contains a 53 kDa glycoprntein of unknown function, as well as the 
(CaZ+-MgZ+)-ATPase. It has been suggested that the gl~coprotein couples the hydrolysis of A'~* by the ATPase to the 
transport of calcium. It has been shown that if SR vesicles are sntubilized in cholate in media containing low K + 
concentrations followed by reconstitufion, then vesicles are formed containing the glycoprotein and with ATP hydrolysis 
coupled to Ca z+ accumulation, as shown by a large stimulation of ATPase activity by addition of A23187. In contrast, if 
S R  vesicles are sohibilized in media containing a high concentration of K +, then the vesicles that are produced 
following reconstitution lack the glycoprotein and show low stimulation by A23187 (Leonarda, K.S. and Kutcimi, H. 
(1985) Biochemistry 24, 4876-4884). We show that the effect of K + on reconslitution does not follow from any changes 
in the amount of glycoprotein but rather from an effect of K ÷ ~ the detergent properties of cholate. In low K + media, 
the eme of eholate is high, eholate is a relatively poor detergent and incomplete sohihilizatlon results in "reconstltution" 
of vesicles with the correct orientation of ATPase molecules. In high K + media, the ¢mc of cholate is reduced and more 
complete solubilization of the SR leads to a true reconstitutiun with the fo~natiun of vesicles with a random orientation 
of ATPase molecules. The experiments provide no evidence for an effect of the glycoprotein on the (Ca2+-MgZ÷) - 
ATPase. 

Introduction 

One approach to understanding the mechanism of 
ion transport is to purify the transporter and recon- 
stitute it into phospholipid bilayer systems of defined 
composition. If the ion-transporter is a mulfi-subunit 
protein then it is obviously important in such studies 
tha;. all subunits of the transporter be purified and 
reconstituted. A major difference between the (Na +- 
K*)-ATPase and the (Ca2+-Mg=+)-ATPase of skeletal 
muscle sarcoplasmie reticalam (SR) is that whereas the 
former is purified from the membrane as an a/~ dimer, 

Abbreviations: SR, sareoplasmi¢ reticclum; GP, glycoprot¢in; Hepe~% 
4-(2-hydroxyethyl)-l-pipera/Jneethanesulphonic acid; FITC. fluo- 
rescein isothioeyanate; EITC. eosin isothiocyanate; cmc, critical 
micell¢ concentration,. ANS, l-aniline-naph thalene-S-sulphonat e; GP. 
glycoprotein. 
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the latter is purified as a single subunit, corresponding 
to the a subunit of the (Na+-K+)-ATPase [1,2]. The 
question arises therefore whether a subunit of the 
(Ca ~- ~-Mg 2~ )-ATPase exists in the SR. membrane anal- 
ogous to the B subunit of the (Na+-K+)-ATPase but  
which is lost on purification. It has been suggested that 
the 53-kDa glycoprotein (53 kDa  GP) found in the SR 
membrane could play this role [3] although the lack of 
sequence homology between the 53 kDa GP  and the fl 
subunit of the (Na+-K+)-ATPase [4] makes this less 
likely. 

Potential effects of the 53 kDa G P  on the (Ca "-+- 
Mg2+)-ATPase can be investigated by comparing the 
activity of the purified ATPase with that of the ATPase 
in the native SR membrane. The purified (Ca 2÷- 
Mg2+)-ATPase shows an ATPase activity comparable 
to that of the ATPase in nadve SR vesicles in the 
presence of the Ca z+-ionophore A23187 [5,6] so that the 
ATPase alone must be fully competent for Caa+-depen - 
dent ATP hydrolysis. Although Boyd et al. [7] have 
reported that the dependence of ATPase activity on the 
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concentrations of Ca 2 + and ATP are distinctly different 
for SR vesicles with and without the 53 kDa GP, we 
find identical dependencies for the ATPase in SR 
vesicles anti for the purified ATPase in the absence of 
the 53 kDa GP [6]. Reconstituted vesicles containing 
the (Ca2÷-Mg,~)-ATPase as the only protein can accu- 
mulate Ca'- ' ,  but the ratio of ATP hydrolysed to Ca ~ 
accumulated is less than that observed for SR vesicles 
[8,9]. Racker [9] has attributed this to defective coupling 
of ATP hydrolysis to Ca 2+ transport on the ATPase 
and has suggested this to be due to the absence of a 
lipid or protein species which, in the native SR mem- 
brane, serves to prevent access of water to the phosplio- 
rylated residue on the ATPase thus preventing futile 
hydrolysis of ATP. However, we have shown that the 
low coupling ratio observed for reconstituted vesicles 
can. at least in part, be attributed to rapid effiux of 
Ca 2+ from the reconstituted vesicles [10]. 

An alternative procedure for investigating the role of 
the 53 kDa GP  has been reported by Leonards and 
Kutchai [3]. They reported that if SR vesicles were 
dissolved in cholate followed by removal of ¢holate by 
dialysis then reconstituted vesicles were formed whose 
content of 53 kDa GP  varied with the concentration of 
KCI present during solubilization. If SR vesicles were 
solubilized in eholate in the presence of 1 M KCI then 
the resulting reconstituted vesicles contained no 53 kDa 
GP whereas vesicles reconstituted in the absence of 
added KCI showea a content of 53 kDa G P  comparable 
to that in the original SR vesicles [3]. To  test for any 
effect of the 53 kDa GP  on the activity of the ATl~as¢, 
Leonards and Kutchai [3] measured ATPase activity for 
the reconstituted vesicles in the absence and presence of 
A23187 and used the fractional stimulation caused by 
A23187 as a measure of the degree of coupling between 
ATP hydrolysis and Ca z+ transport. They reported that 
the degree of coupling was very low in the absence of 53 
kDa GP [31. In more recent studies Kutchai and 
Campbell [11] have reported changes in coupling ratio 
in the presence of antibodies to the 53 kDa GP, and 
attributed this to changes in interaction between the 53 
kDa G P  and the ATPase. 

If the 53 kDa GP  were to affect the degree of 
couplir;g between ATP hydrolysis and Ca 2+ transport 
on the ATPase, then this would need to be accounted 
for in any explanation of the mechanism of the ATPase. 
However, in chemical cross-linking studies we failed to 
find any evidence for an interaction between tlic 53 kDa 
GP  and the ATPase [6]. Here, we re-investigate the 
effect of KCI on the reconstitution of SR vesicles and 
argue that, in fact, the effects of KCt follow from effects 
on the critical mieelle concentration of the detergent. 

Materials and Methods  

AnalaR reagents were obtained from BDH Chem- 
icals and Hepes (Ultrol) was from Calbiochem. SR was 

prepared as described in MeWhirter et al. [12]. ATPase 
activity was measured using the coupled enzyme assay 
described in [13]. Samples (12 p,l, equivalent to 12 ~tg of 
ATPase) were added to a medium containing 40 mM 
",'epes-KOH (pH 7.2), 5 mM MgSO4, 1.01 mM EGTA, 
0.42 mM phosphoenolpyruvate, 0.15 mM N A D H ,  the 
required concentration of ATP, 7.5 IU pyruvate kinase 
and 18 IU lactate debydrogenase in a total volume of 
2.5 ml, with CaCI2 added to give maximal ATPase 
activity. In experiments with A23187, 10 /tl of a 1 
m g / m l  stock solution of A23187 in methanol was ad- 
ded to give a final concentration of 0.8 #M. This 
volume of methanol had no significant effect on the 
ATPase activity of SR vesicles and this concentration of 
A23187 had no significant effect on the ATPase activity 
of the purified ATPase (data not shown). 

Potassium cholate and deoxycholate were purified by 
precipitation from methanol /e ther .  SR vesicles were 
reconstituted following the protocol described by 
Leonards and Kutchai [3]. Aliquots of SR vesicles were 
diluted to 2.5 mg pro te in /ml  with RSI  buffer (250 mM 
sucrose, 100 mM NaCI, 50 mM KHzPO 4 (pH 7.4)). The 
vesicles were solubilised by the addition of 5% (w/v)  
potassium eholate in RS1 to give a final cholate con- 
centration of 2.5 m g / m l ;  the cholate was added in 
small aliquots with mixing. The samples were allowed to 
stand for 30 min before reeonstitution in one of three 
ways: 

(1) Dilution of the sample directly into the assay 
mixture. 

(2) Removal of cholate using the centrifugation 
method of Penefsky [14]. 5 ml  plastic syringes were 
filled with a boiled deaearated suspension of Sephadex 
G-50 which was then washed with RS1 buffer. The 
syringes were placed in plastic centrifuge tubes and 
spun at 200 x g in a beach-top centrifuge for 30 s, The 
sample was then applied to the column (100 #1 per mi 
of Sephadex), 200 /LI of buffer was added and the 
columns were spun at 200 x g for 20 s. The resulting 
column eluate was then applied to a second column in 
the same way. 

(3) Dialysis overnight against 11 of RS1 buffer at 
4oC. 

Light scatter was measured in a Perkin-Elmer fluo- 
rimeter using excitation and emission wavelengths of 
400 nm. Measurements of the ability of cholate to 
sohibilise A N S were made by exciting fluorescence at 
367 nm and measuring the fluorescence i.~tensity at 475 
rim. 

For  electron microscopy, samples of SR were solubi- 
lised and reconstituted by dialysis as described above, 
followed by pelleting at 9 3 0 0 0 × g  for 1 h. Samples 
were then treated as described by Saito et al. [15]. They 
were block stained with 0.5% uranyl acetate for 2 h and 
dehydrated in a series of increasing ethanol concentra- 
tion before being embedded in Epon resin, thin sec- 



TABLE I 

Effect ofA23187 on d TPase activities of vesicla¢ recn,~tituted frtlm high 
and low KCI 

ATPas¢ activities were measured at 25°C. 2.1 mM ATP in the 
presence or absence of A23187 (0,8/~M) as described in Malerials and 
Methods Tile fractional stimulation W~S calculated as ([Activity+ 
A23187] - [Activity - A231 gTl)/[Aetivity - A23187 L 

System ATPasc aclivlty (IU/mg) Fr~ctional 
-A23187 +A23187 stimulation 

Control SR 0.4 4.4 I0.1 
Low K ~-dilution ~ 1.1 4.1 2,~ 

-Scphadex '~ 0l g 3 .0 2 g 
-dialysis ~' 1.1 d.6 3.2 

High K ~-dilution ~ 1.9 1.8 0 
-Sephadex" 1.0 i . 5 0 I 5 
-dialysis a 1.6 l . g  0.2 

a "lTne three techniques for reconstitution as described in Materials 
and Methods. 

tioned and stained with 1% uranyl acetate in 50% ethanol 
for 10 mitl, eoanterstained with lead citrate and ex- 
amined under a Hitachi HU-12 electron microscope. 

Protein was estimated using the extinction coefficient 
given by Dlardwicke and Green [16[ or using BCA 
(Pierce) with bovine serum albumin as standard. 

Results 

We have confirmed the observations of Leonards and 
Kutchai [3} that if SR vesicles (2.5 mg protein/ml) are 
solubllised in PSI buffer containing chelate (2.5 mg/ml)  
and no added KCI (low K + buffer), followed by recun- 
stitution and fractionation on a sucrose gradient, then 
the resulting vesicles contain the 53 kDa GP at a level 
comparable to that in the original SR vesicles (typically 
10% in our preparations), We have also found, in agree- 
ment with Leonards and Kutchai [31, that if the same 
procedure is repeated but with sohibilisation performed 
in buffer containing I M KCI (high K* buffer) then the 
resulting vesicles contain undetectablc levels of the 53 
kDa GP (data not shown). 

Leonards and Kutchal [31 have also reported that the 
ratio of ATPam activities of reconstituted vesicles mea- 
sured in the presence and absence of A23187 differ for 
vesicles solubilised in low and high K + buffers. This 
result is confirmed in Table I. For vesicles ceconstituted 
from high K + fractional stimulation by A23187 is very 
low, as reported b)  Lconards and Kutchai [3]. "qowever, 
this cannot be simply attributed to the presence of a 
large proportion of vesicles in which hydrolysis of ATP 
has been 'uncoupl~:d' from Ca 2+ transport since the 
ATPase activity measured in the absence of A23187 is 
about half that of the full ATPas¢ activity shown by the 
original SR vesicles in the presence of A23187 [Table 1). 
Also inconsistent wi*.h the idea of uncoupled vc*ieles is 
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Fig. 1. ATPasc activities for: (A) intact SR. (B) preparations recon- 
stituted from low K + medium, and IC) preparations reconstituted 
from high K * medium in the a'ec, ence (O) and in the pre.sorge (e) of 
A23187 (0.8 pM). SR (2.5 mg protein/ml) wa~ ~lubilised in cholera 
(2.5 mg/ml) and reconstituted By dilution into the assay meaium (see 

Materials and Methods). 

TABLE If 

Effect of C I ~  on ATPase activities of t~'sicles reconstituted from isigh 
and low KCI 

ATPase activities were measured at 25~C, 2.1 mM ATP as desgrlhea 
in Materials and Method~ 

Additions A'l'~se activity (IU/mg) 

native low K + Ifigh K ÷ 
SR r¢consfitu'[ed r~.onstitut ecl 

None 1.0 1.8 1.7 
A23IS7 (0.8 ~M) 8.6 7.4 3.4 
Ct2Es (l mg/ml) 6.3 5.1 6.2 



338 

the observation that the ATPase activity measured in 
the presence of A23187 is about half that observed for 
vesicles reconstituted from low K ÷ (Table I); a similar 
observation was made by Leonards and Kutchai [3] but 
not commented on. As shown in Table I, comparable 
results are obtained if sohibilised SR is reconstituted by 

dialysis, by removal of detergent on a Sephedex col- 
umn, or by simple dilution into assay buffer. Fig. l 
shows ATPase activites for native SR vesicles and for 
vesicles reconstituted from low and high K ~ medium, 
as a function of ATP concentration. 

Table II shows the results of experiments in which 

Fig. 2. Electron mic'rographs o¢ SR samples reconstituted by dialysis after sohibilisation in low K + (A) or high K + (B) buffets. The bar represeuts 
50 nm. 



vesicles were m a d e  pe rmeab le  to  b o t h  Ca  :+ a n d  A T P  
by add i t ion  of  1 r a g / e l  of  the  de te rgen t  C izE~;  we 
have  s h o w n  tha t  the  ATPase  is fully active at  this 
c o n c e n t r a t i o n  of  de t e rgen t  [18]. F o r  in tac t  S R  a n d  for 
S R  recons t i tu ted  f r o m  low K +` c o m p a r a b l e  ATPase  
activities are  seen in  the  presence  of  e i ther  A23187 o r  
CI2Em, c o n f i r m i n g  tha t  in  these cases the  low activities 
observed for  sealed vesicles c an  be  a t t r ibu ted  to the  
bu i ld -up  of  a h i g h  c o n c e n t r a t i o n  of  C a :  * wi th in  the  
vesicles a n d  no t  to  any  p r o b l e m s  in accessibili ty of  the  
A T P  to  it~ b i n d i n g  site. I n  con t ras t ,  for vesicles recon-  
s t i tu ted  f r o m  h i g h  K +, a very m u c h  larger  s t imu la t ion  
o f  act ivi ty is observed o n  a d d i t i o n  o f  CI2Es  t h a n  o n  
a d d i t i o n  of  A23187,  c o n f i r m i n g  the  f o r m a t i o n  o f  s truc-  
tures  u n d e r  these cond i t ions  i n  w h i c h  the  A T P  b i n d i n g  
si te o n  the  ATPase  is inaccessible to  the  ou t s ide  m e d i u m .  

T h e  f o r m a t i o n  o f  very d i f f e ren t  s t ruc tures  af ter  re- 
cons t i t u t i on  f r o m  low a n d  h i g h  K + is c o n f i r m e d  b y  
e lec t ron  mic roscopy  (Fig.  2). Af t e r  r econs t i t u t ion  f r o m  
low  K +, sealed vesicular  s t ruc tures  a re  observed ,  of  
fair ly u n i f o r m  size, c o m p a r a b l e  to  those  obse rved  for  
na t ive  SR,  I n  con t ras t ,  a f t e r  r econs t i tu t ion  f r o m  h i g h  
K +, a very  he t e rogeneous  p r e p a r a t i o n  is ob t a ined ,  con-  
t a i n ing  m e m b r a n e  f r a g m e n t s  a n d  mul t i - l amel l a r  s truc-  
tures.  
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Fig. S. Solubilisatlon of (A) egg yolk phosphatidylehoime (0.12 rag/el)  
and (B) Sit v~ieles (2.3 m$ protein/nil) by chelate measured by 
Rayleigh scattering in: G. low K + buffer; e. high K + buffer. The 
buffer was 50 mM potassium phosphate (pH 7.4), 250 mM sucrose 

100 mM NaCI. 
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Fig. 4 Fracttonal stimulation of the ATPase acti~'ity of reconstituted 
v~icles by A231S7 t0.8 tiM) ~ a function of chelate ~ n ~ l r m i o n  
used in the sohibilisation medium; O. low K + medium; II, high K + 
medium. Reconslitudon was by dilution into the ZlSS~y medium and 

ATPase activities were measured at 25o('. 2.1 mM ATP. 

T o  d e t e r m i n e  w h e t h e r  the  d i f f e ren t  results o b t a i n e d  
a t  low a n d  h i g h  concen t r a t i ons  o f  K ÷ could be  a t t r i -  
b u t e d  to  d i f f e ren t  degrees  o f  solubi l isa t ion of  the  
vesicles, we  inves t iga ted  the  effects of  che la t e  on  
Ray le igh  sca t t e r ing  b y  t he  vesicles. As  s h o w n  in Fig.  3B, 
K + c o n c e n t r a t i o n  h a s  a large effect  o n  so |ubi l i sa t ion;  a t  
5.6 m M  che l a t e  (2.5 m g / m l )  the  lower  l igh t  sca t te r  in 
h igh  K + m e d i u m  t h a n  in  low K +  m e d i u m  indica tes  a 
g rea te r  degree  of  solubi l isat ion.  A s imi lar  effect  of  K ~ 
is seen  w i t h  l iposomes  (Fig.  3A) a l t h o u g h  here  the  m o r e  
m a r k e d  decrease  in  Ray le igh  sca t t e r ing  suggests  a g rea te r  
degree  o f  sohib i l i sa t ion  at  a n y  g iven  che la t e  concen t ra -  
t ion  c o m p a r e d  to  tha t  seen  w i t h  S R  vesicles. 

The  effect  of  che l a t e  c o n c e n t r a t i o n  o n  c o u p l i n g  ef- 
f iciency is s h o w n  in  Fig.  4 ;  as expec ted  f r o m  the resul ts  
r epo r t ed  above,  c o m p a r a b l e  levels o f  s t imula t ion  by  

350 

3OO 

~= 250 

2 O O  

o 1 5 0  

~ 1 0 0  

~ 5 0  

5 10 

[Cholaze) (raM) 
Fig. 5. ~i~e eff~t of KCI on the critical micelle concentrati~ of 
cholate~ determined by the ability to ~lubili~ ANS. Ttz¢ fluorc~:cn~ 
mtcnsity of ANS (s tiM) in ~0 m i  potassium phosphate (pH 7.4), 
250 mM sucrose, t00 mM NaCI is plotted against chelate concentra- 

!ton [or low K ÷ medium (o)  or high K ÷ medium (e), 
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A23187 are observed, for example, in 3 mM cholate in 
high K + medium and 6 mM cholate in low K + medium. 

We measured the critical micelle concentration (cme) 
of cholate from the ability to solubilise the fluorescent 
probe 1-anilino-naphthalene-8-sulphouate (ANS). The 
fluorescence emission intensity of ANS is higher in a 
hydrophobic environment than in water and, as shown 
in Fig. 5, increases on addition of cholate to a solution 
of ANS in water. The concentration of detergent at  
which significant sohibilisation of the probe occurs, as 
shown by the increase in fluorescence intensity, is usu- 
ally taken as a measure of the cmc [19] and is approx. 3 
mM for cholate in the high K + medium and 6 mM in 
the low K + medium (Fig. 5). 

The results presented above therefore suggest that 
the effcets of K ÷ follow from differences in the extent 
of sohibilisation of the SR vesicles. This has been dem- 
onstrated directly by measurements of the fraction of 
the vesicleg that can be sedimented by centrifugation 
following solubilisation (Fig. 6). As shown, in the low 
K + medium, less then half of the SR remains in the 
sttpernatant after centrifugation even at 11 mM cholate, 
whereas in the high K + medium, essentially all the SR 
is solubilised at 11 mM cholate, although only half is 
solubilised at 6 m i  cholate; these results are in good 
agreement with the measurements of Rayleigh scatter- 
ing (Fig. 3). The similar results seen with CI- or 
methanesalphonate as anion (Fig. 3) confirm that, as 
expected, it is the cation concentration that affects 
solubilisation. ATPase acti-dties of preparations recon- 
stituted by dilution from the supernatant and pellet 
fractions are shown in Table IlL It is clear that prepara- 
tions reconstituted from sohibilised material show a low 
fractional stimulation by A23187, irrespective of whether 
they were solubilised in low or high K + medium. Cot're- 
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Fig. 6. Eff~t of K + on the degree of solubili~tion of SR by eholate. 
SR {2.5 mg/ml) was solubilised at the given concentration of cholate 
in low K* (o) or ~,igh K + (~) medium or medium containing 1 M 
pota~ium methanesulphonate (~l,). Following centrilugation ot the 
samples at 1000O0× g in a Beckman airfuge, the concentration of 

protein in the supernatant was determined. 

TABLE nl 

Effect of A23187 on ATPase actioities of vesicl~ reconslituted /ram 
sup~rnalant and pelletahh, fractions o/SR solubilised in high and low 
K + medium 

The samples were reconstituted by dilution. ATPase activities were 
measured at 25°C, 2.1 mM ATP in the preener or absen~ of A231 S7 
(O.S ~M) as deserlbed in Materials and Methodg 

System ATPas¢ activity (IU/mg) Fractional 
-A23187 +A23187 stimulation 

Control SR l .l 8.6 6.7 
Low K +-supematant 0.4 O.7 O.7 

-pellet 2.7 8.4 2.1 
High K +-supernatanl I).7 LI 0.6 

-pellet 2.8 9.1 2.3 

spondingly, fractional stimulations of samples recon- 
stituted from the pelleted material were high and again 
independent of whether the SR was sohibilised in low 
or high K ÷ medium. 

Discussion 

The major protein found in the SR of skeletal muscle 
is the (Ca 2 +-Mg 2+)-ATPase. Other protein components 
include two Ca 2+ binding proteins (cnlsequgstdn [20,21] 
and the 55 kDa high-affinity Ca 2÷ binding protein 
[22]), the ryanodine-sensitive Ca 2+ release channel [23] 
and the 53 and 160 kDa glycoproteins [4,24,25] of 
unknown function. Based on reconsfitution studies in 
which the amount of the 53 kDa GP was varied, 
Lconards and Kutchai [3] have suggested that the 53 
kDa GP could regulate the coupling of Ca 2+ transport 
to ATP hydrolysis by the (Caa+-Mg2+)-ATPase. Chiesi 
and Carafoli [26] found that trifluoperazine bound to 
the 53 kDa GP, and attributed the inhibitory effect of 
trifluoperazine on Ca 2.  uptake by SR to an effect on 
the 53 kDa GP, modifying its presumed interaction with 
the ATPase. Kutehai and Campbell [11] have reported 
that binding of antiserum against the 53 kDa GP to SR 
vesicles uncouples Ca 2+ transport from ATP hydrolysis. 
These results have been interpreted as meaning that the 
53 kDa GP functions in SR analogously to the # 
subunit of the (Na+K+)-ATPase although the 53 kDa 
GP shows no significant homology w~th the/~ subunit 
[4]. 

Leberer et al. [4] have co-transfected COS-I cells 
with eDNA coding for both the 53 kDa GP and the 
(Ca2+-MgZ÷)-ATPa~se and shown that the resulting mi- 
erosomes have an ability to pumF ~a 2+ identical to 
those derived from COS-1 cells transfected with eDNA 
encoding the (Ca'Z+-Mg2+)-ATPase alone, arguing 
against any regulatory role for the 53 kDa GP. Kutchai 
and Campbell [11] and Boyd et al. [7] have reported 
that removal of the 53 kDa GP from SR vesicles pro- 
duces significant changes iil the dependence of ATPaso 



activity on the concentrations of Ca ~ and ATP al- 
though we have found identical dependences for SR 
vesicles containing the 53 kDa GP and the purified 
ATPase [6]. Further, in cross-linking studies, we have 
failed to find any evidence for significant interaction 
between the 53 kDa GP  and the (Ca"÷-Mg'~+)-ATPase 
[6]. We have therefore reinvestigated the rcconstitt~tion 
experiments of Leonards and Kutchai [3] which were 
claimed to provide evidence for a regulatory role of the 
53 kDa GP. 

In the experiments of Leonards and Kutchai [3] SR 
vesicles (2.5 mg prote in /ml)  were solubitised in cholate 
solution (2.5 mg /ml )  in media cuntaining no KCI (low 
K +) or l M KCI (high K +) and reconstituted by 
dialysis. It was found that samples reconstituted from 
the high K + medium no longer contained the 5"~ ' ~ :  
G P  whereas samples reconstituted from the h~- - 
medium had a 53 kDa GP  content similar to that in 
native SR vesicles; we confirmed these results (data not 
shown). To  determine the degree of coupling b e t w ~ n  
ATP hydrolysis and Ca z+ accumulation by the recon- 
stituted systems, Leonards and Kutchai [31 measured 
ATPase activity in the presence and absence of the 
Ca2+-ionophore A22287. In fully co~,Tk ~ . :~icles, accu- 
mulation of Ca 2+ will lead to h;gh, inhibitory, con- 
eentrations of Ca 2+ within the vesicles and a low steady 
state ATPase activity; addition of A23187 to such 
vesicles will therefore lead to a very marked increase in 
ATPase activity. For  vesicles in which ATP hydrolysis is 
uncoupled from Ca 2+ transport, large internal con- 
centratioas of Ca 2÷ will apt be accumulated, so that 
steady state ATPase activities will be high and, conse- 
quently, addition of A23187 will have little effect on 
activity. Leonards and Kutchai [31 reported that ad- 
dition of A23187 to samples reconstituted from high 
K + media had little effect on ATPase activity, and so 
were uncoupled, whereas addition of A23187 to samples 
reconstituted from low K + media resulted in a large 
increase in ATPase activity, so :hat such vesicles were 
coupled. The uncoupling observed for samples recon- 
stituted from high K + was not simply due to the 
formation of vesicles leaky to Ca 2+, since the rate of 
efflux of Ca 2+ from passively loaded vesicles varied 
little with solubilisation conditions [3]. Leonards and 
Kutehai [3] correlated the loss of coupling with the loss 
of the 53 kDa GP, and suggested that the 53 kDa G P  
was intimately i~volved in regulating the coupling be- 
tween Ca '-+ transport and ATP hydrolysis by the 
(CaZ+-Mg2÷)-ATPase in SR. As shown in Table l, our 
results confirm the measurements of Leonards and 
Kutchai [3] although we disagree with their interpreta- 
llon. 

If the low degree of coupling observed after recon- 
stitution of SR solubilised in high K + were due to 
uncoupling of ATP hydrolysis from Ca 2÷ accumulation, 
then the measured ATPase activity should be the same 

341 

as that for coupled vesicles (either native SR or vesicles 
reconstituted from low K +) in the presence of A23187; 
in fact. as shown in Table l, the ATPase activity is 
about half that expected. A similar observation was 
made by Leonards and Kutchai [3] but not commented 
on. Fig. 1 shows ATPase activities for native SR vesicles 
and for vesicles reconstituted from low and high K + 
medium, as a function of ATP concentration. As de- 
scribed previously, the dependence of ATPase activity 
on the concentration of ATP is complex [17], but, at all 
ATP conc~mtrations, ATPase activites are similar for all 
preparations in the absence of A23187, but are much 
lower in the presence of A23187 for preparations recon- 
stituted from high K + media than from low K + media 
(Fig. 1). The observed low activity for prenarations 
• :~:'nnstituted from high K + media in the presence of 
"._? ' , , ;gests  the formation of a proportion of sealed 

vesicles in which the ATP binding site is not available 
to ATP in the external medium. This would be the 
result if, for example, on reconstitution under these 
conditions the ATPase molecules were randomly ori- 
ented across the membrane or if multilamellar vesicles 
were formed. 

That the low activities of vesicles reconstituted from 
high K + can, indeed, be attributed to the formation of 
structures in which the ATP binding site on the ATPase 
is inaccessible to ATP in the external medium is con- 
firmed by the experiments in Table If; vesicles recon- 
stituled from high K ÷ show a full ATPase activity if 
vesicles are made permeable to both Ca z+ and ATP by 
addition of the detergent CI2E s (Table ll). These ob- 
servations therefore suggest that after reconstitution 
from high K +, vesicles are formed in which either the 
ATPase molecules are randomly oriented across the 
membrane or that multi-lamenar vesicles are formed, 
where only ATPase molecules with the correct orienta- 
tion in the outer membrane will be able to hydrolyse 
A T E  In previous studies, we have shown that recon- 
stitution of the purified ATPase with phospholipids 
gives rise to sealed vesicles will, a random orientation of 
ATPase molecules [5]. The electron micrographs in Fig. 
2 show that indeed muhi-lamellar structures are formed 
from high K ~, unlike the simple unilamellar vesicles 
formed from low K ÷. We have found that ATPase 
activities and degrees of coupling are much more varia- 
ble between experiments for preparations reconstituted 
from high K ÷ than from low K ~, which probably 
reflects small differences in the extent of formation of 
multilamellar structures in the former case, reflected in 
relatively large effects on ATPase activities. 

A variety of experiments suggest that the formation 
of highly coupled vesicles with a normal orientation of 
ATPase molecules following reconstitution from low 
K ~ can be largely attributed to incomplete sohibilisa- 
lion of the SR under these conditions. It is well estab- 
lished that increasing the concentration of positively 
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charged ions will decrease the cme of negatively charged 
detergents such as chelate and that the concentration of 
detergent required to sohibilise a membrane decreases 
with decreasing cmc [19]. As shown m Fig. 5, the cmc of 
chelate in RS1 buffer decreases from ca 6 mM to 3 mM 
on changing from low K ~ to high K ÷ medium. This is 
correlated with a decrease in the concentration of chelate 
required to solubilise phosphatidylcholine, as measured 
by Rayleigh scattedng (Fig. 3). Chelate is also better 
able to sohihilise SR in bJgb K* medium than in low 
K ÷ medium, as shown by the two fold lower concentra- 
tion of chelate required to produce any given decrease 
in Rayleigh scatter (Fig. 3). Fig. 4 shows that the degree 
of coupling observed with chelate at 2.5 mg/ud  (5.6 
raM) in high K + can be reproduced in low K* buffer 
using a chelate concentration of 5.0 mg/ml  (11,2 mM). 
Deoxycholate has a lower cmc than chelate [19], and 
deoxycholate at 1.25 mg/ml  in low K + medium gives 
the same fractional stimulation by A23187 as observed 
for chelate at 2.5 mg/ml  in high K* medium (data not 
shown). A direct demonstration of incomplete sohibill- 
sation of the SR vesicles under these conditions is 
shown in Fig. 6, which shows that, in low K + medium, 
a large proportion of the SR can be pelleted by centrif- 
ugation, consistent with the incomplete clarification of 
the sample shown in Fig. 3. At high K +, a greater 
proportion of the SR is sohibilised at 5.6 mM chelate, 
but even under these conditions sohibilisation is incom- 
plete (Fig. 6). Finally, Table 111 compares ATPase activ- 
ities and degrees of coupling for samples reconstituted 
from supernatant and pellet fractions of SR solubilised 
at low and high K +. It is clear that recoustitution of 
non-pelletable material gives low coupling ratios, for 
material solubiUsed in either low or high K ÷. Similarly, 
reconstitution of pelletable material gives high coupling 
ratios, again independent of whether sohibilisation was 
performed in low or high K +. 

We conclude that at 2.5 mg/mi chelate in low K ÷ 
medium, a high proportion of the SR remains unsolubi- 
hsed and that the presence of this high proportion of 
unsohibilised material throughout the experimental pro- 
cedure accounts for the high fractional stimulation by 
A23187 observed in the final sample. In contrast, in 
high K + medium, a greater proportion of the SR is 
sohibilised, attributable to the lower cmc of the deter- 
gent under these conditions; reconstitution of this truly 
sohibilised material then gives rise to vesicles with a 
random orientation of ATPase molecules and to multi- 
lammelar vesicles, and this explains the low fractional 
stimulation by A23187. 
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