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The extraction of cytochrome c from the fragments by  o.I M phosphate buffer 
also removes uncoupling agents. During the further t reatment the accessibility of 
electrons to PMS from succinate dehydrogenase is steadily increased, while the level 
of respiration with fl-hydroxybutyrate remained constant or diminished. Tsou I has 
shown a difference in the two forms of cytochrome c based on their complexing 
capacity with cyanide. He has pointed out that  exogenous cytochrome c combines 
with cyanide to form a stable complex, while the endogenous cytochrome c is not 
affected by cyanide even in a prolonged incubation. Behavior of the fragments in 
the presence of trapped cytochrome c indicated that  the exogenous cytochrome c was 
in good equilibrium with the endogenous cytochrome c, and that  the bypass of cyto- 
chrome oxidase by denatured cytochrome c was not increased over the control. 

This project was supported by a grant (GM-o6 241) from the Insti tute of General 
Medical Sciences, U.S. Public Health Service, and the Heart  Association of Erie 
County. A.N.M. is the recipient of a travel grant from the C.S.I.R., India. W.B.E.  
is the recipient of a U.S. Public Health Service Career Program Award (GM-K3-I5, 
514). We acknowledge valuable technical assistance provided by Miss A. WADZINSKI. 

Department of Biochemistry, 
State University of New York at Buffalo, 
Buffalo, N.Y.  (U.S.A.) 

A. N. MALVIYA 
W. B. ELMOTT 

I C. L. Tsou ,  Biochem. J., 5 ° (1951) 493- 
2 D. KEILIN AND E. F. HARTREE, Biochem. J., 39 (1945) 289. 
3 D. KEILIN AND E. F. MARTREE, Biochem. J., 44 (1949) 205. 
4 E. C. SLATER, Bioehem. J., 45 (1949) I. 
5 E. C. SLATER, Biochem. J., 46 (195o) 499- 
6 ]~. E. JACOBS AND D. R. SANADI, J. Biol. Chem., 235 (196o) 531. 
7 L. SMITH AND P. ~vV. CAMERINO, Biochemistry, 2 (1963) 1432. 
8 D. W. ]7IAAS AND W. B. ELLIOTT, J. Biol. Chem., 238 (1963) 1132. 
9 ~V. B. ELLIOTT AND D. W. HAAS, in S. P. COLO~VICK AND N. O. KAPLAN, Methods in Enzymology, 

\7ol. IO: }{. ESTABROOK AND iX*{. PULLMAN, Oxidation and Phosphorylation, Academic Press,  
New York,  N.Y.,  in the press. 

IO C. COOPER AND A. L. LEHNINGER, J. Biol. Chem., 219 (1956) 489. 
i i  T. M. DEVLIN AND A. L. LEHNINGER, J .  Biol. Chem., 233 (1958) . 
12 E. H. STRICKLAND, F. D. ZIEGLER AND A. ANTHONY, Nature, 191 (1961) 9IA.  
13 O. t-I. LOWRY, ~xT. J. t{OSEBROUGH, A. L. FARR AND R. J. RANDALL, J. Biol. Chem., 193 (1951) 

265 . 
14 G. LENAZ AND D. H. MACLENNEN, J .  Biol. Chem., in the  press. 
15 R. W. ESTABROOK AND A. HOLOWlNSKY, J. Biophys. Biochem. Cytol., 9 (1961) 19- 

Received June 6th, 1966 
Biochim. Biophys. Acta, 131 (1967)2IO-2Z 3 

BBA 43 152 

The effect of soluble proteins on the fragmented sarcoplasmic reticulum 

In an investigation into the nature of the dialyzable cofactor of the fragmented 
sarcoplasmic reticulum (FSR) (refs. 1-3) it was found that  the soluble fraction of 
a muscle homogenate extended the delay in syneresis of myofibrils produced by  FSR 
(ref. 4). One of the effective substances appeared to be inorganic phosphate and the 

A b b r e v i a t i o n :  FSR,  f r agmen ted  sarcoplasmic  re t icu lum.  
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other was not dialyzable and could be replaced by a commercial preparation of myo- 
kinasO. I t  had been reported earlier that  myokinase could potentiate the inhibition 
by FSR of myoflbrillar ATPase activity ~. The present results indicate that  the effect 
of the non-dialyzable fraction of the supernatant is the result of a non-specific effect 
of protein and is not related to the enzymatic activity of myokinase. 

FSR was prepared as described by MARTONOSI AND FERETOS 6. Actin was ex- 
tracted at o ° as described by FEUER et al5 and purified according to MOMMAERTS 8. 
Tropomyosin B was extracted with I M KC1 from the residue left after extraction of 
actin and purified by (NHd)2SOs fractionation as described by BAILEY 9. Bovine serum 
albumin (Fraction V) was obtained from Calbiochem. In measuring the effect of FSR 
on myoffbrillar ATPase activity, FSR was added to the complete medium (except 
for myofibrils, see Table I). After 5 min myofibrils were added and the reaction was 
terminated 5 min later with an equal vol. of IO % trichloroacetic acid. Pl was de- 
termined by the method of FISKE AND SUBBAROW 1°. A correction was made for the 
ATPase activity of the FSR preparation separately determined. Myokinase activity 
was determined by measuring the release of Pl in the ATPase assay system in which 
ATP was replaced by 2 mM ADP and I.O mg of myofibrillar protein per ml was 
included. One unit of activity was defined as the amount of enzyme liberating I / ,mole  
of Pl per rain under the conditions described. 

T A B L E  I 

EFFECT OF SERUM ALBUMIN, TROPOMYOSIN B AND 17-ACTIN ON RELAXING FACTOR SYSTEM 

ATPase a c t i v i t y  was assayed  in a m e d i u m  con ta in ing  o.o 5 M Tris, 4 nlM MgC12, 4 mM ATP, 
4 mM po tas s ium oxala te ,  0.05 M KC1, 2- lO 5 M CaC12, pH 7.5, 25 °. FSR 1 was assayed  14 days  
a f te r  o repara t ion ,  final FSR  concen t ra t ion  in assay, o.04 mg of pro te in  per ml. F S R  2 was purif ied 
before using by  cen t r i fuga t ion  a t  8ooo × g for 3 rain and  the  residue d iscarded and was assayed  
I day  af ter  p repara t ion .  FSR  concen t ra t ion  in assay,  o.0o6 mg of p ro te in  per nil. Note  the  h igher  
p ro te in  concen t ra t ion  requi red  to reduced myof ibr i l la r  ATPase  a c t i v i t y  in the  case of FSR E. 

Additions to assay system ~Iyofibrillar A TPase activity 
(#moles Pi/mg of protein per rain) 

FSR • FSR 2 FSR omitted 

None 0.42 0.37 0.44 
FSR o.19 0.23 - -  
FSR  _s_ 0.72 mg bovine  se rum a l b u m i n / m l  o.o 4 o.19 o.52 
FS R + 0.42 mg t ropomyos in  B/ml  o. i i 0.20 0.44 
FSR + 0.38 mg F-ac t in /mi  o. 14 0.20 0.47 

Bovine serum albumin, tropomyosin B and, to a small extent, F-actin poten- 
t iated the relaxing activity of FSR (Table I). This potentiation was observed with 
preparations of FSR that  had been aged 14 days but was markedly reduced with 
FSR only I day old. The potentiation by the dialyzed snpernatant of the relaxing 
activity of FSR was not observed with freshly prepared FSR but was observed only 
after FSR preparations were aged (Fig. I). The same pattern was observed with serum 
albumin as with the supernatant with respect to the effect of age of FSR preparation. 
In the absence of FSR these proteins did not inhibit myofibrillar ATPase activity, 
indicating that  the effect is exerted on FSR and is not a direct inhibition of myo- 
flbrillar ATPase activity (Table I). 
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With a highly purified preparation of myokinase having 4- to 5-fold higher 
enzymatic activity than the original preparation, we were unable to observe any 
potentiation of relaxing activity by  myokinase when assayed at the same level of 
myokinase activity which was effective in earlier experiments 4. In view of these 
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Fig. I. Effect  of dialyzed s u p e r n a t a n t  on re laxing  ac t iv i ty  of fresh and  aged p repara t ions  of FSR .  
ATPase  ac t iv i ty  was as sayed  unde r  condi t ions  described in Table  I. The  a s say  m e d i u m  con ta ined  
(when added) 1.2 nag of s u p e r n a t a n t  pro te in  per  ml. The  s u p e r n a t a n t  was prepared  by  centr i fu-  
ga t ion  a t  iooooo  × g for 3 h and  was dialyzed aga ins t  500 vol. of io m M  Tris (pH 7.5) for 48 h. 
O ,  fresh F S R  (2 h af ter  comple t ing  prepara t ion) ;  ~k, fresh F S R  + dialyzed s u p e r n a t a n t ;  O,  
aged F S R  (i i days  af ter  comple t ing  prepara t ion) ;  ~x, aged F S R  + dialyzed s u p e r n a t a n t .  

results and in view of the effectiveness of serum albumin and tropomyosin and the 
dependence of this potentiation on the age of FSR preparations, it is apparent that  
the effect of the non-dialyzable fraction of the supernatant cannot be attr ibuted to 
the myokinase activity present in this fraction. The effectiveness of myokinase which 
we found previously 4 may have been due to a contaminant in the myokinase prepa- 
ration or to an effect of protein in view of the higher protein concentration used 
with the less active preparation. However, it should not be inferred that  myokinase 
cannot under any conditions affect the relaxing activity of FSR, particularly since 
it has been reported that  ADP strongly inhibits the calcium accumulation of FSR 
(ref. I I) .  The present experiments were designed to study the effect of the supernatant 
and were not carried out under conditions most favorable for detecting an effect of 
myokinase. In our experiments the accumulation of calcium by FSR was largely 
completed during the 5-min preincubation in which time very little ADP was formed. 
I t  is, therefore, not too surprising that  myokinase was not effective in our experi- 
ments. I t  appears that  LORAND AND MOLNAR did not use preincubation in their 
studies with myokinase ~ and thus may  have had conditions more favorable for de- 
tecting an effect of myokinase mediated through an effect of ADP on calcium ac- 
cumulation of FSR. 

During at tempts  to measure the effect of soluble proteins on the accumulation 
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of calcium by FSR (refs. 12, 13) discrepancies were observed between results obtained 
by the centrifugation method 12 and the Millipore filtration method 6 of separating 
FSR from the incubation medium. In the presence of 1.2 mg of serum albumin per ml, 
0.05 mg of FSR protein per ml and lO -4 M CaC12, 75 % of the calcium was removed 
by centrifugation (IOOOOO × g, 3o rain) while only 50 % was removed by filtration 
(pore size of filter, 0.45 ~). This discrepancy was not observed in the absence of serum 
albumin. The cause of this discrepancy appears to be leakage of particles of FSR 
through the Millipore filters when serum albumin is included in the medium, as judged 
by the presence of significant ATPase activity in the filtrate (Table II). With serum 
albumin present in the assay medium, the amount of Pi liberated in 2 h after removal 
of FSR by centrifugation was less than 3 % of that released after filtration. If bovine 
serum albumin was omitted essentially no Pl was liberated in 20 h after filtration. 
Clearly, the use of the filtration method for measuring calcium accumulation by FSR 
must be limited to conditions where appreciable amounts of soluble proteins that 
may affect the removal of FSR by Millipore filtration are not present. 

T A B L E  I I  

H Y D R O L Y S I S  OF A T P  IN ASSAY M E D I U M  A F T E R  FILTRATION" OR C E N T R I F U G A T I O N  TO R E M O V E  F S R  

I n c u b a t i o n  of  F S R  w a s  c a r r i e d  o u t  u n d e r  c o n d i t i o n s  d e s c r i b e d  in  T a b l e  I e x c e p t  t h a t  o.2 lng  of  
F6 ;R  p r o t e i n / m l ,  1.2 m g  b o v i n e  s e r u m  a l b u m i n / m l  a n d  i o  4 M CaC12 w e r e  used ,  a n d  n o  m y o f i b r i l s  
w e r e  p r e s e n t .  A f t e r  a i o - m i n  i n c u b a t i o n  s a m p l e s  w e r e  f i l t e r ed  o r  p l a c e d  in  t h e  c e n t r i f u g e .  T h e  
a s s a y  w a s  c a r r i e d  o u t  13 d a y s  a f t e r  t h e  p r e p a r a t i o n  of  F S R .  T o t a l  A T P  p r e s e n t  w a s  4 . o / , m o l e s / m l .  
F i n d i c a t e s  f i l t r a t i o n  of  2 - m l  s a m p l e s  t h r o u g h  Mi l l i po re  f i l te rs  of o .45  # p o r e  size a n d  C i n d i c a t e s  
c c n t r i f u g a t i o n  a t  ~ o o o o o  × g fo r  3 ° m i n .  

Addition to assay system Method of 
separation 
of FSR 

P, released after filtratiotz or 
centrifugation (t,moles/ml) 

After 2 h After 20 h 

None F o.oo o.oo 

F S R  F o .oo  o .o2  
FSV, + b o v i n e  s e r u m  a l b u m i n  F 2.6 6 .9  
F S R  + b o v i n e  s e r u m  a l b u m i n  C o .o6  o .32  
B o v i n e  s e r u m  a l b u m i n  F o .oo  o .oo  

It appears that serum albumin and the other proteins do not solubilize the 
calcium-binding factor or the ATPase of FSR, since the ATPase activity and radio- 
active calcium are readily removed by centrifugation, but these proteins in some way 
alter the properties of FSR so that it is not removed by Millipore filtration. 

In conclusion, FSR becomes less effective in inhibiting myofibrillar ATPase 
activity on aging and its activity can be partly restored by several soluble proteins. 
The potentiation of the relaxing effect of FSR by a soluble, non-dialyzable fraction 
of a muscle homogenate appears to be a similar non-specific effect of protein. 
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