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The molecular size of the calcium-transport ATPase of 
sarcotubular vesicles estimated from radiation inactivation 

Sarco tubu la r  vesicles from muscle behave  as a simple ac t ive - t r anspor t  sys tem;  
aside from a basic ATPase,  t i le presence of Ca 2+ induces an ac t iva t ed  ATPase  coupled 
with a massive inward  flow of Ca 2+ (e.g. HASSELBACH AND MAK~NOSE ~, EBASHi AXe) 
LIP.~IAXX2). In  this  work, we have inves t iga ted  whether  a molecular-size range could 
be establ ished,  wi th  the  me thod  of rad ia t ion  inac t iva t ion ,  of the s t ruc tu ra l  ent i t ies  
responsible for (i) the basic ATPase,  (ii) the  Ca2+-activated ATPase,  and  (iii) the 
t r anspo r t  function.  In  the  first s tage of the  work (with Mr. C. CHAMBERLAIN, i 9 6 4 -  
i965) , we su rveyed  the problem and its methodology,  wi th  p re l iminary  results  on 
all three propert ies ,  in the  second s tage (with Mr. P. SHEetER, I966 I967) , means  
were found to improve  the methods  for the  exper iments  under  (i) and  (ii), and these 
results  will be r epor ted  here. Wi th  respect  to (iii), the indica t ions  are t ha t  this  funct ion 
is much more suscept ible  to inac t iva t ion ,  indicat ive  of a larger  t a rge t  volume. This 
does not,  however,  indicate  a larger  size of the t r anspor t  uni t ;  the  results  could also 
be expla ined  by  assuming tha t ,  once a vesicle has received a few hits,  i t  becomes 
non- re ten t ive  and so does not  allow the de tec t ion  of i ts Ca 2+ uptake .  We believe 
this  to be the most  l ikely exp lana t ion ,  bu t  the  radiological  me thodo logy  is not  
sufficiently precise to conduct  accura te  s tudies  on this point ,  so t ha t  we have not  
fur ther  pursued  quest ion (iii). 

Vesicles were p repared  from r abb i t  muscle in the  pures t  form ob ta inab le  
(SERAYDARIAN AND MOMMAERTSa). From the final suspension in sucrose, t hey  were 
washed twice b y  u l t racen t r i fuga t ion  with  o . I  M KC1. Al iquots  of o.6 ml were p i p e t t e d  
into glass ampoules  and  dr ied  in vac.uo from the frozen s ta te .  Each  ampoule  was 
then evacuated ,  f lushed twice for eo lnin wi th  pure N2, evacuated ,  and  sealed. This  
procedure  leads to l i t t le  change in the  Ca2+-ATPase per  mg of protein,  bu t  reduces 
the  basic  ATPase  to abou t  o. 4 t imes  the or iginal  ac t iv i ty .  

The closed vials were placed,  a t  room tempera tu re ,  in the  electron bea ln  of 
the  6-MeV accelera tor  (Varian Associates,  Palo  Alto,  Calif. ; cf. [-IAIMSON AND KARZ- 
MARK ~) of the D e p a r t m e n t  of Radio logy ,  UCLA Medical  Center. The dose ra te  was 
abou t  2.5'  IO a rads .  rain ~, checked occasional ly  with a l iquid dos imeter  (FRICKE AND 
MORSE a, SHALEK AND SINCLAIR~). Doses, from I '4 Mrads,  were var ied  by  changing 
the exposure  t imes.  The tubes  were then kep t  a t  @2 ° unt i l  assayed wi thin  ~4 h; 
a f te r  opening, the  original  amoun t s  of wa te r  were added  back.  For  the assays (@ 
ref. 3), there  was o. 4 mg vesicle pro te in  in I ml of medium,  o . I  M KC1, 5 mM potass iu ln  
oxala te ,  5 mini MgC1.,, xo mM imidazole  (pH 7.o), 5 mM ATP and o.55 mM ethylene-  
glycol-bis-(/~-anfinoethylether)-N,A:'-tetraacetic acid. Fo r  the basic  ATPase,  phos- 
pha te  analyses  a were per formed af ter  o, 4, 8 and  r2 rain of incuba t ion  at  25 °. For  
the Ca2+-ATPase, CaC12 was added  to a final concent ra t ion  of 0.5 raM, and this was 
the  t r igger  for the  assay;  the  reac t ion  t imes were (o), I5, 3o, 45, and  6o sec, and  
the basic ra te  was sub t r ac t ed  from the observed.  

The results  were eva lua t ed  according to s imple ta rge t  theory,  as evolved in 
the  wri t ings of LEA and co-workersT, 8 and  HUTCHINSON and POLLARD and their  co- 
workers.9 13. Assuming tha t  an average of 75 eV are required per  inac t iva t ing  event ,  
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we originated the formula M = (D0.aT)-l'o.72" IO 12, where D0.a7 is the dosage in rads 
at  which the control  act ivi ty  is reduced to a fraction e -1, and M is the molecular 
weight in Daltons. This theory  has an extensive empirical foundat ion in the s tudy  
of enzymes and viruses (@ refs. 7-13) and, while this work was in progress, has been 
applied to the target  sizes of ATPase in ery throcyte  ghosts by  KEPNER AND M A C E Y  14, 

and of an ( N a + + K + ) - a c t i v a t e d  ATPase from brain microsomes by  NAKAO et a / .15 ;  

values of lO 6 and o.5" lO 6 , respectively, were obtained for these cases, which have 
similarities to the point  investigated here. 

The experiments  to be reported were done on four separate preparat ions from 
different rabbits.  Each  of these was made up into 2o samples, so tha t  each control 
or irradiated data  point  was run in quadruplicate.  The ATP-spli t t ing by  the basic 
ATPase was a rectilinear function of t ime; likewise for the Ca2+-ATPase bu t  for a 
non-zero intercept  at zero time. 

This indicates an initial burst,  which m a y  be related to the rapid initial Ca 2+- 
binding process studies by  EBASHI AND YAMANOUCH116. This initial burst  was also 
inact ivated with increased dose but  the accuracy was not  satisfactory. The linear 
reaction rates were plot ted semilogarithmically as a function of dose, and regression 
lines drawn with the least-squares procedure;  the results are s tated with the o.95 confi- 
dence intervals according to the S tudent ' s  t-test, 

Table I gives a breakdown of the calculated target  sizes for each of the 4 series 
separately as well as for the aggregate. 

T A B L E  l 

R E S U L T S  O F  4 S E R I E S  O F  E X P E R I M E N T S  O N  R A D I A T I O N  I N A C T I V A T I O N  

T a r g e t  s izes  in  D a l t o n s ,  Conf idence  i n t e r v a l s ,  ± o.95. 

Expt. Basic A TPase Ca2+-activated A TPase 

i 2 1 o  o o o  ~ 8 5  o o o  2 1 o  o o o i 9  o o o o  

2 18o o o o ~  80 ooo 16o ooo ± 5 ° ooo 

3 IOO ooo ~ 4 ° ooo 17o o o o ±  45 ooo 

4 1 4 o o o o  E 7 o o o o  2 o o o o o  ± 3 4 o o o  

C o m b i n e d :  16o ooo ± 45 ooo I9o  ooo ± 34 ooo 

The target  sizes for the basic and Ca2+-activated ATPases, respectively, are 
not  significantly different, and it cannot  be decided whether  these activities are seated 
in the same or different units;  the preferred removal  of basic ATPase by  washing 
may  be due to the selective elimination of a separate activity,  and the remaining 
activities may  reflect two manifestations,  wi thout  and with Ca ~+, of the same active 
unit. This unit, or these units, of a mass of the order of 175ooo Daltons, thus appear  
to be the entities responsible for ATP-split t ing,  and may  also be the units of the Ca 2+ 
transport .  I t  is of interest to compare this size with the result of HASSELBACH AND 
S E R A Y D A R I A N  17, according to which there is one critical sulfhydryl  group, essential 
for t ransport ,  per IOOOOO g of protein. If  our target  volume includes lipid as well 
(of which there is about  o,35 g per g protein in KCl-washed preparat ions (ref. 3); 
cf.  MARTONOSI18) ,  these values would come closer, though clearly there are m a n y  
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r e a s o n s  w h y  t h e y  do  n o t  h a v e  to  be  i d e n t i c a l ,  in  v i e w  of t i le  h e t e r o g e n e o u s  p r o t e i n  

c o m p o s i t i o n  of t h e  ves ic les  (MOMMAERTS 19, MARTONOSI2°). 

W h i l e  t h e  a b s o l u t e  a c c u r a c y  of t h e  t a r g e t - m e t h o d  is l i m i t e d ,  a n d  is o f t e n  s t a t e d  

to  a l l ow  a n  a m b i g u i t y  b y  a f a c t o r  of 2 (@ refs.  6 I2) ,  i t s  p o w e r  l ies in  t h e  f ac t  of 

a l l o w i n g  t h e  s i z e - d e t e r m i n a t i o n  of a f u n c t i o n a l l y  de f ined  u n i t  r e g a r d l e s s  of i t s  s t a t e  

of a s s o c i a t i o n .  I t  is of i n t e r e s t  t h a t  a n  a c t i v i t y  bas i c  to  a t r a n s p o r t  p rocess  is f o u n d  

to  r e s ide  w i t h i n  a l i p o - p r o t e i n  u n i t  of s u c h  s m a l l  size as is i n d i c a t e d  b y  ou r  work .  

W e  a re  i n d e b t e d  to  P r o f e s s o r  AMos NORMAN, D e p a r t m e n t  of R a d i o l o g y ,  for  

h i s  c o u n s e l  in  t h e  i n i t i a l  s t a g e  of t i le  work ,  a n d  for  a r r a n g i n g  t h e  c o o p e r a t i o n  of t h e  

t e c h n i c a l  s ta f f  of t h e  a c c e l e r a t o r  a n d  of h is  g r a d u a t e  s t u d e n t s  Mr. C. CHAMBERLAIN 
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