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ABSTRACT At concentrations between 1 to 10 raM, caffeine reduced the 
Ca-accumulating capacity of fragmented reticulum obtained from frog and 
rabbit  muscle. With 8 mM caffeine enough Ca was released from frog reticulum 
to account for the force of the contracture. Caffeine did not affect all reticulum 
membranes equally. The  fraction which was spun down at 2000 g was more 
sensitive than the lighter fractions. The percentage of the total accumulated Ca 
released by caffeine decreased with decreasing Ca content of the reticulum. 
In  parallel with their known effects on the caffeine contracture, a drop in 
temperature increased the caffeine-induced Ca release while procaine inhibited 
it. Caffeine also inhibited the rate of Ca uptake, which may in part  account for 
the prolongation of the active state caused by caffeine. 

INTRODUCTION 

It is generally accepted that the contractile activity of muscle is regulated by 
the level of ionized calcium in the sarcoplasm surrounding the myofibrils 
(Hasselbach, 1964; Weber, 1966; Ebashi, 1968). We have therefore tested 
whether caffeine, which is an agent that produces contracture, exerts its 
effect by releasing calcium from the sarcoplasmic reticulum. Relatively large 
amounts of Ca might be involved, because the tension developed during 
caffeine contracture approximates that of a tetanus (L/ittgau and Oetliker, 
1968), indicating maximal activation of the actomyosin system (Weber et al., 
1964). 

I t  is a l r e ady  be l ieved t h a t  the site of  ac t ion  of  caffeine,  which  read i ly  pene-  

t ra tes  into the  c y t o p l a s m  (Bianchi,  1962), is p r o b a b l y  in t race l lu la r  because  

caffeine c o n t r a c t u r e  can  be  elici ted by  in t race l lu la r  in ject ion (Caldwell ,  1964; 

Podolsky,  persona l  c o m m u n i c a t i o n ) .  Th i s  bel ief  is s u p p o r t e d  by  the  obse rva -  

t ion t ha t  the  caffeine c o n t r a c t u r e  is i n d e p e n d e n t  of  depo la r i za t ion  (Axelsson 

a n d  Thesleff ,  1958), a n d  of the  in tegr i ty  of  the  t ransverse  t ubu l a r  sys tem (Gage  
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and  Eisenberg,  1967), and,  fu r the rmore ,  by  the  observa t ion  tha t  it does no t  

d e p e n d  on  the  inflow of ext race l lu lar  Ca  because  it occurs  in a Ca-free m e d i u m  
(Frank,  1960). T h e  present  exper iments  were  designed to invest igate this 
in t race l lu la r  mechan i sm  in some detail .  

Some  of the results of this s t u d y - - b u t  wi thou t  expe r imen ta l  d e t a i l s - - h a v e  
been  publ i shed  previously  (Herz  and  Weber ,  1965; Weber ,  1966). 
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FIGURE 1. Caffeine-induced Ca release in different subceUular fractions of frog muscle. 
At arrow addition of 0.1 M KC1 (open circles) or caffeine (final concentration 8 nm) in 
0.1 ~a KC1 (filled circles). Ca ~+ at the time of addition, A, 0.065 #M, B, 0.075 #M, C, 
0.098/~. 

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

Preparation of Sarcoplasmic Reticulum The leg muscles of Rana pipiens (kept in a 
tank with running water in a cold room) and leg and back muscles of rabbits were 
used. Reticulum was isolated as previously described (Weber et al., 1966) with one 
modification. In addition to the fraction spun down between 8000-20,000 g we col- 
lected also the fractions spun down between 650-2000 g and 2000-8000 g from frog 
and the 2000-8000 g fraction from rabbit. The 650-2000 g fraction from rabbit had 
to be omitted because it was not possible to remove myofibrils at 650 g. 

Ca Uptake or Release The assay mixtures contained reticulum in a concentration 
of 0.2-0.5 mg protein/ml, 10-20 rnM imidazole, pH 7.0, 0.1 M ionic strength adjusted 
with KC1, 1-2 m_M creatine phosphate, 0.25 mg/ml  creatinephosphokinase, I rn~ 
Mg ~+, 0.4-2 n ~  MgATP, EGTA in the range 10-100 #M, and 45Ca in amounts of 
about 100-250 m#moles/mg reticulum protein. The reaction was started by the 
addition of a mixture containing MgATP and all the excess Mg. For measurements 
of Ca release, a 30-60 see incubation with ATP was followed by the addition of 
caffeine in 0.1 M KC1. The rest of the procedures, including the determination of 
total Ca, has been described previously (Weber et al., 1966). Caffeine was found to be 
free of contaminating Ca. Protein determinations and other manipulations were 
previously described (Weber et al., 1966). 
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R E S U L T S  

The addition of 8-10 rnM caffeine to isolated frog reticulum that  had accumu- 
lated Ca in the presence of ATP caused the immediate release of Ca in all but 
one of 12 preparations. The  half-time for the release was usually about 10 sec. 

The heaviest reticulum fraction was more sensitive to caffeine than the other 
two fractions. This can be seen from Fig. 1 in which the addition of caffeine 

T A B L E  I 

R E L E A S E  O F  C A L C I U M  

C a  2 + before  

F r a c t i o n  R e t i e u l u m  yie ld  caffe ine  a d d i t i o n  C a  re leased ,  m~moles 

per rag per g wet 
X g mg/g wet muscle ~ reticulum protein muscle 

650-2000 0 .5*  O. 19 28 14 
2000-8000 O. 5 O. 07 30 15 
8000-20,000 0 .7  O. 13 19 13 

42 

650-2000 0 .4  O. 13 23 9 
2000-8000 O. 6 O. 11 45 27 
8000-20,000 1.2 O. 1 23 27 

63 

650-2000 O. 6 O. 14 25 15 

6N)-8000 1.5 O. 36 50 75 

*Yield r e d u c e d  because  the  m u s c l e  was homogenized  for on ly  20 sec in s t ead  
o f  40 see. 

caused a release of 200-/o of the Ca accumulated by the heaviest fraction, while 
causing a release in the other two fractions of only 200-/o and 12%, respectively. 
In response to caffeine the heaviest fraction usually released about 30-50o/o 
of its accumulated Ca (most frequently about 40O-/o), the next heaviest released 
from 25 to 30o-/0, and the lightest from 0 to 12°-/o. These values refer to retic- 
ulum that had accumulated a near maximal amount  of Ca by equilibration 
with 0.1-0.4/~M ionized Ca in the medium. I t  has been shown previously-- 
both for rabbit and for f rog-- that  the amount  of Ca accumulated by the 
reticulum increases as the concentration of Ca 2+ in the medium is increased 
above 0.004 #M Ca 2+ and reaches a maximum at about 0.2 #M (Weber et al., 
1966). 

In order to determine whether the amount  of Ca released by caffeine is 
sufficiently large to account for the high tension of contracture we measured 
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the amount  of Ca released by all three fractions. To make the findings ap- 
plicable to living muscle undergoing a transition from rest to contracture we 
equilibrated the reticulum prior to the addition of caffeine with a Ca con- 
centration in the medium that  was low enough to permit myofibrils to be in 
the resting state (Weber and Herz, 1963; Portzehl et al., 1964). The  amount  of 
Ca released calculated per gram wet weight of muscle is given in Table I. 
The  values are based on the yield of reticulum from muscle by our method of 
preparation, which for all three fractions together was about 2 mg reticulum 
protein per g muscle. Assuming tension to be proportional to the amount  of 
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Fioum~ 2. Reduction in the capacity for Ca uptake in two frog fractions. At arrow 0. I 
M KC1 was added without Ca (open circles) or with ~Ca of the same specific activity as 
was present during preincubation (open and filled triangles). The specific activity during 
preincubation was calculated on the basis of the total Ca content of the assay, including 
the Ca contaminating the reticulum fraction which was measured by atomic absorption 
spectroscopy as previously described (Weber et al., 1966). The additional Ca was added 
without (open triangles) or with caffeine (8 raM) (filled triangles). A. 650-2000 g, Ca 2+ 
of 0.05 #M before addition was raised to 2 #~r. B. 2000-8000 g, Ca 2+ of 0.03 ~u was 
raised to 3 #M. 

bound myofibrillar Ca (compare binding vs. pCa in Weber and Herz, 1963, 
with tension vs. pCa in Filo, Bohr, and Ruegg, 1965) the values for released 
Ca in Table I would allow for half-saturation of the myofibrils with Ca (Weber 
et al., 1964) and consequently account for half the maximal tension. But it is 
highly unlikely that  our yield of reticulum was as high as 50%, so that  the 
values in Table I should be at least doubled; it would then be possible to 
attribute all of the caffeine-induced tension to the caffeine-induced release of 
Ca from the various fractions of the frog reticulum. 

Release of Ca under identical conditions was also demonstrated in reticulum 
obtained from rabbit muscle. In this muscle the heavier fraction was much 
more sensitive to caffeine than the lighter one, which frequently did not 
respond to caffeine at all. Furthermore, whereas in 11 out of 12 frog prepara- 
tions caffeine caused Ca release from one or more reticulum fractions several 
of our rabbit  preparations showed no response to the addition of caffeine. In  
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two caffeine-sensi t ive r a b b i t  p r epa ra t i ons  the a m o u n t  of  Ca  released pe r  g r a m  

of muscle  was ca lcu la ted  to be  35-48  re#moles  Ca  per  g muscle.  
T h e  release of  Ca  m a y  resul t  f r o m  a r educ t ion  of the capac i t y  for Ca  ac-  
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FIGURF- 3. The effect of different caffeine concentrations on Ca release from the 650- 
8000 g fraction. At arrow 0.1 M KC1 was added (open circles) alone, or with caffeine to 
give a final caffeine concentration of 0.83 mM (filled circles), 2.5 mM (filled triangles), 
4.2 mM (reversed filled triangles), 8 rnM (filled squares). 
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FIGURE 4. The effect of caffeine on rabbit reticulum (2000-8000 g) containing different 
levels of internal Ca. Additions at arrow as in Fig. 1. Open symbols designate controls, 
filled symbols indicate caffeine treatment. Ca ~+ before addition: 0.075 #M (open and 
filled circles), 0.014 #M (open and filled triangles), 0.0095 /ZM (open and filled squares). 

cumula t ion .  Such a r educ t ion  in the  capac i ty  of the r e t i cu lum for C a  u p t a k e  is 
shown in Fig. 2. Caffe ine  a n d  add i t iona l  Ca  were  a d d e d  to r e t i cu lum tha t  h a d  
been  equ i l ib ra t ed  wi th  a low C a  concen t r a t i on  in the  m e d i u m  so tha t  the  
in te rna l  Ca  level was less t h a n  m a x i m a l .  Caffe ine  p r e v e n t e d  the  u p t a k e  of 
a n y  of  this add i t iona l  C a  into the  650-2000 g f rac t ion  (Fig. 2 A).  T h e  l ighter  
fract ion,  shown in Fig. 2 B, was, as m e n t i o n e d  above ,  less sensitive to caffeine 

a n d  took up  a la rge  f rac t ion  of this Ca  bu t  less t h a n  did  the  cont ro l  w i thou t  

caffeine. 
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The  above experiments were carried out  with a caffeine concentration of 8 
raM. With lower caffeine concentrations less Ca was released (Fig. 3). The  
data  in Fig. 3 were obtained from a rather sensitive frog preparation: 1 mM 
caffeine did not always cause a measurable release of Ca. Similar results were 
obtained with rabbit  reticulum. 

Caffeine released only a very small fraction of the total accumulated Ca 
when the intravesicular Ca concentration became small. Thus  in the experi- 
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F m u ~  5. Inhibition of the rate of Ca uptake of rabbit reticulum (2000-8000 g) in the 
presence of 5 n ~  oxalate. The assay system differed from that used for the previous 
figures which was described under Materials and Methods in the concentrations of 
MgCI~, 4 mM; ATP, 2 mM; EGTA, 0.17 n'~, and protein 0.05 mg/ml. 10 n ~  caffeine 
was present from the beginning (filled circles and triangles). Initial Ca 2+ (open and filled 
circles), 11 #M; (open and filled triangles), 2 #M. 

ment described by Fig. 4 only about  3o-/0 of the accumulated Ca was released 
when the reticulum contained only a very low level of Ca corresponding to the 
equilibration with 0.0095/~M Ca in the medium, whereas the same vesicles 
released 21% of the accumulated Ca when they had been equilibrated with a 
considerably higher concentration of Ca in the medium (0.075 #M). 

The  finding that caffeine decreased the capacity for Ca does not necessarily 
mean that caffeine also inhibits the rate of Ca uptake. However,  such an 
inhibition would account for the potentiation of the twitch by caffeine 
(Ritchie, 1954; Sandow and Brust, 1966; Sandow, 1965). With  our method 
it is not possible to measure accurately the initial rate of Ca uptake at room 
temperature unless the total amount  of accumulated Ca is greatly increased 
by the precipitation of Ca oxalate in the interior of the vesicles, a method 
introduced by  Hasselbach and Makinose (1961 ). Fig. 5 shows that under these 
conditions the rate of Ca uptake was lowered by  the presence of caffeine. 
However,  the total amount  of Ca accumulated was not reduced by caffeine. 
This can be seen clearly for the two lower curves and by extrapolation for the 
two upper  curves, which probably would have met if more time had been 
allowed for the experiment. This latter finding seems at first to contradict  our 
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previous finding (Fig. l) that caffeine always reduced the capacity of frog 
reticulum heavily loaded with Ca. However,  in spite of the large amounts of 
Ca accumulated this Ca does not represent a heavy load because it exists as 
the inert Ca oxalate precipitate. The level of ionized Ca in the interior is 
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FIGUR~ 6. The effect of temperature on the inhibition of Ca uptake of frog reticulum 
(650--36,000 g). Open symbols controls, filled symbols 10 mu caffeine from the beginning. 
The pH was adjusted to 7 at the appropriate temperature. Initial Ca 2+ 45 /~M, final 
Ca 2+ (open circles and triangles), 0.6 #M; (filled circles), 6 /ZM; (filled triangles), 20 #M. 
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FIGURE 7. Inhibition of the caffeine effect on frog reticulum (650-8000 g) by procaine. 
(Open circles and open triangles), 3.3 rnM procaine present from the beginning. At arrow 
addition of 0.1 M KC1 (open circles); caffeine to final concentration of 8 rnM (open 
triangles, filled circles). 

actually quite low because the solubility product for Ca oxalate is so low. 
Therefore in the presence of 5 mu  oxalate the vesicles are in equilibrium with 
Ca 2+ levels in the medium of less than 0.01 #M. Under  such conditions caffeine 
does not reduce the capacity for Ca as was illustrated by Fig. 4. 

Sakai (1965) reported that cooling increased caffeine contracture, and his 
findings were confirmed by L/ittgau and Oetliker (1968) for single fibers. 
Fig. 6 shows the results of a single experiment to determine the effect of 
temperature on the action of caffeine on frog reticulum. Whereas in the 
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absence of caffeine a fall in temperature of 20°C does not alter the Ca capacity 
of frog reticulum (Weber et al., 1966), the data in Fig. 6 suggest that in the 
presence of caffeine the capacity was temperature-dependent and that caffeine 
caused a greater reduction of the Ca capacity at low than at high temperature. 

Caffeine contracture can be prevented by local anesthetics (Schtiller, 
1925; Sakai, 1965; Feinstein, 1963; Lfittgau and Oetliker, 1968) which do 
not influence the entry of caffeine into the muscle (Bianchi, 1962). It was 
interesting, therefore, to find in the present experiment that procaine greatly 
reduced the release of Ca from the reticulum (Fig. 7). Procaine also reversed 
the effect of a short exposure to caffeine. In another experiment after 65 
m#moles of Ca had been released by 10 m_u caffeine from 1 mg frog reticulum 
protein (2000-8000 g) 40 m/~moles were taken up again on the addition of 
3.3 rnM procaine. Procaine alone, at these concentrations, had no effect on 
Ca uptake by frog reticulum. 

D I S C U S S I O N  

Our results (Table I) indicate that caffeine causes the release of Ca from frog 
reticulum in amounts large enough to account for the force of the contracture. 
Conditions that modify the caffeine-induced contracture affect the caffeine- 
induced Ca release correspondingly: both occur in a similar range of caffeine 
concentration; both are inhibited by procaine (the inhibition of Ca release by 
procaine in rabbit reticulum was shown indirectly by Carvalho and Leo 
[ 1967]); both seem to have a similar temperature dependence; and, finally, the 
speed of caffeine action on contracture and on Ca release is similar. Although 
the half-time for the contracture of single muscle fibers seems to be shorter 
than the half-time for Ca release (Lfittgau and Oetliker, 1968), it must be 
realized that the total amount of Ca released may be in excess of that required 
for maximal force. The evidence is strong, therefore, that the caffeine-induced 
release of Ca from the reticulum is the direct cause of the contracture, which 
accounts well for the finding that the caffeine contracture is absent in muscles 
depleted of Ca (Fujino and Fujino, 1964). 

Furthermore, the inhibition of the rate of Ca uptake by caffeine explains, 
at least in part, why caffeine causes a prolongation of the active state (Ritchie, 
1954) and also why caffeine causes an increase in twitch tension of rat muscle 
(Gutmann and Sandow, 1965). 

However, some difficulties arise for mammalian muscle when the effect of 
caffeine on the Ca release from reticulum (rabbit, present experiments) is 
compared with the known effect of caffeine on contracture (rat muscle, 
Gutmann and Sandow, 1965). Although not all rabbit preparations responded 
to caffeine by Ca release, the amounts released from sensitive preparations 
were sufficiently large to be expected to cause the development of a high 
tension. Nevertheless, Gutmann and Sandow (1965) found that caffeine did 
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not  cause a con t r ac tu re  in any  of their  ra t  muscles. I t  is not  clear  w h y  they  
did not  find a con t r ac tu re  in some of  their  muscles. O n e  m a y  speculate  tha t  
the Ca con ten t  of ra t  r e t i cu lum in vivo is lower than  tha t  of r abb i t  in those of 
our  exper iments  which  p rod u ced  a Ca release (cf. Fig. 4). I t  is also possible 
tha t  the ionic condi t ions in in tac t  m a m m a l i a n  muscle are  such as to min imize  
the effect of caffeine on the r e t i cu lum (Weber,  1968). 

Ca release was grea ter  in the heavy  fractions, which conta in ,  in addi t ion  to 
r e t i cu lum (Weber  et al., 1966), the bulk of the mi tochondr ia .  However ,  there  
is evidence  tha t  the Ca released in the presence of caffeine does not  or ig inate  
f rom the mi tochondr i a  (Weber ,  1968). 

T h e  different  response to caffeine demons t ra t ed  in the various fractions 
points to the he te rogene i ty  of  the Ca- t ranspor t ing  membranes .  I t  should be 
checked whe the r  the heavy  fractions conta in  a significant n u m b e r  of  triads, 
which  were  suggested by  Lt i t tgau  and  Oet l iker  (1968) to be the site of 
caffeine action,  or whe the r  they  conta in  a larger  f ract ion of  the t e rmina l  
cis ternae as c o m p a r e d  to the longi tudinal  elements.  

O u r  da t a  also provide  an  exp lana t ion  for w h y  the caffeine effect on Ca 
up take  had  been  missed, or found  to be very  small, in some previous  studies 
(Hasselbach and  Makinose,  1964; Cars ten and  M o m m a e r t s ,  1964), in which  
the  caffeine effect had  been  s tudied in the presence of oxala te  to see whe the r  
the total  a m o u n t  of  Ca  up take  was diminished.  As can  be seen f rom Fig. 5 
u n d e r  these condi t ions caffeine did not  affect the a m o u n t  of Ca taken  up  bu t  
on ly  decreased the initial ra te  of uptake.  F u r t h e r m o r e ,  the measurement s  
were  taken  wi th  the l ight f ract ion ob ta ined  f rom rabb i t  muscle,  which  is not  
always sensitive to caffeine (Fig. 2). 
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This research was supported by grants from the National Institutes of Health (GM 10175 and GM 
14034) and from the Muscular Dystrophy Associations of America. 

Received/or publication 10 June 1968. 

R E F E R E N C E S  

AXELSSON, J., and S. THESLEFF. 1958. Activation of the contractile mechanism in striated 
muscle. Acta Physiol. Scan& 44:55. 

BIANCm, C. P. 1962. Kinetics of radiocaffeine uptake and release in frog sartorius. J. Pharma- 
col. Exp. Therap. 138:41. 

CALDWELL, P. C. 1964. Calcium and the contraction of Maia muscle fibres. Proc. Roy Soe. 
(London) Ser. B. 160:512. 

CARSTEN, M. E., and W. F. H. M. MOMMAERTS. 1964. The accumulation of calcium by sar- 
cotubular vesicles. J. Gen. Physiol. 48:183. 

CARVALHO, A. P., and B. LEO. 1967. Effects of ATP on the interaction of Ca ++, Mg ++, and 
K. + with fragmented sarcoplasmic reticulum isolated from rabbit skeletal muscle. J. Gen. 
Physiol. 50:1327. 

EBASm, S. 1968. Progr. Biophys. and Mol. Biol. 18: In press. 



A. WEBER AND R. HERZ Caffeine Contracture of Intact Muscle 759 

FEINST~m, M. B. 1963. Inhibition of caffeine rigor and radiocalcium movements by local 
anesthetics in frog sartorius muscle. J. Gen. Physiol. 47:151. 

FILo, R. S., D. F. BOHR, and J.  C. Rtmoo. 1965. Glycerinated skeletal and smooth muscle: 
calcium and magnesium dependence. Science. 147:1581. 

FRANK, G. B. 1960. Effect of changes in extracellular calcium concentration on the potassium- 
induced contracture of frog's skeletal muscle. J. Physiol. (London). 151:518. 

FujINO, M., and S. FuJINO. 1964. Die Beziehung zwischen Coffein Kontraktur und Calcium 
am Froschskeletmuskel. Arch. Ges. Physiol. 278:478. 

GAOE, P. W., and R. S. EISENBERO. 1967. Action potentials without contraction in frog skele- 
tal muscle fibers with disrupted transverse tubules. Science. 158:1702. 

GtrrMANN, E., and A. SANDOW. 1965. Caffeine-induced contracture and potentiation of con- 
traction in normal and denervated rat muscle. Life Sd. 4:1149. 

HASSELBACH, W. 1964. Relaxing factor and the relaxation of muscle. Progr. Biophys. 14:167. 
HASSE~.BACH, W., and M. MAr,.rNose. 1961. Die Calciumpumpe der "Erschlaffungsgrana" 

des Muskels und ihre Abhaengigkeit yon der ATP Spaltung. Biochem. Z. 333:518. 
HASSELBACH, H., and M. MAraNOSB. 1964. The calcium pump of the relaxing vesicles and the 

production of the relaxing substance. In Biochemistry of Muscle Contraction. J. Gergely, 
editor. Little Brown & Co., Boston. p. 247. 

HERz, R., and A. W~-BER. 1965. Caffeine inhibition of Ca uptake by muscle reticulum. Fed- 
eration Proc. 24:208. 

LfiTTOAU, H. C., and H. OETLIm~R. 1968. The action of caffeine on the activation of the con- 
tractile mechanism in striated muscle fibres. J. Physiol. (London)..194:51. 

PORTZEn~, H., P. C. CALDWZLL, and J. C. RtrEoo. 1964. The dependence of contraction and 
relaxation of muscle fibres from the crab Maia squindao on the internal concentration of free 
calcium ions. Biochim. Biophys. Acta. 79:581. 

RtTCmV., J. M. 1954. The effect of nitrate on the active state of muscle. J. Physiol. (London). 
126:155. 

SAXAX, T. 1965. The effects of temperature and caffeine on activation of the contractile mecha- 
nism in the striated muscle fibres. Jikeikai Med. J. 12:88. 

SANDOW, A. 1965. Excitation-contraction coupling in skeletal muscle. Pharmacol. Rev. 17:265. 
SANDOW, A., and M. BRUST. 1966. Caffeine potentiation of twitch tension in frog sartorins 

muscle. Biochem. Z. 345:232. 
SCn/5-LLF.R, J. 1925. Warum verhindern die Lokalanaesthetika die Coffeinstarre des Muskels? 

Arch. Exptl. Pathol. Pharmakol. 105:224. 
WEBER, A. 1966. Energized calcium transport and relaxing factors. Current Topics in Bioener- 

getics. 1:203. 
W~BER, A. 1968. The mechanism of the action of caffeine on sarcoplasmic reticulum J.  Gen. 

Physiol. 52: 760. 
WEBER, A., and R. HERZ. 1963. The binding of calcium to actomyosin systems in relation to 

their biological activity. J. Biol. Chem. 238:599. 
WEBER, A., R. HEgz, and I. REtss. 1964. The regulation of myofibrillar activity by calcium. 

Proc. Roy Soc. (London) Set. B. 160:489. 
W~.BER, A., R. H~Rz, and I. REISS. 1966. Study of the kinetics of calcium transport by iso- 

lated fragmented reticulum. Biochem. Z. 345:329. 


