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The effect of lyophilization and dithiothreitol  on vesicles of skeletal and 

cardiac muscle sarcoplasmic reticulum 

The Ca 2~ uptake and ATPase activity of fragmented sarcoplasmic reticulum 
are known to change with time after preparation; as the Ca 2+ uptake declines, ATPase 
activit\" increases'. Cardiac and red skeletal muscle fragmented sareoplasmic reticulum 
preparations are particularly labile. Some stabilization can be achieved 1)y storing 
the vesicles in 45 % sucrose solution ~ ~, and recently VAN DF.R KLOOT 5 has reported 
that the initial rate of Ca > uptake of lobster fragmented sarcoplasmic reticulum was 
more than one order of magnitude greater when vesicles were stored in 1,4-dithio- 
threitol ~. 

We wish to report that after lyophilization of fragmented sarcoplasmic reticulum 
no loss of activity occurred even after 4 months of storage*. Rabbit fragmented 
sarcoplasmic reticulum was prepared by homogenizing nmscle in a Waring blendor 
(9o sec) in o.3 M sucrose, Io mM "Dis maleate, pH 7.o, and collected as the fraction 
sedimented between 8ooo ~ g and 3oooo , g. Before use the lyophilized fragmented 
sarcoplasmic reticulum was reconstituted in the original amount of cold distilled 
warte, homogenized and centrifuged at 8ooo >~ g for 4 rain. Comparison of freshh' 
prepared white nmscle fragmented sarcoplasmic reticulum and lyophilized 4-month- 
old fragmented sarcoplasmic reticulum (Table I) shows no marked difference in either 
Ca*- uptake or ATPase activity. 

In view of VAX 1)IcR KI.OOT'S ~ report and our unsuccessful attempts a few years 
ago t() use dithiothreitol to prevent the loss of activity of cardiac fragmented sarco- 
plasmic reticulum we reinvestigated the effect of dithiothreitol on fragmented sarc()- 

T:\I~IA,' .  1 

('OMI'ARISON OF ('~12! UPTAKE AND :Vl'])~tsc ACTIVITY OF FRESH AND RECONSTITI~;TEI) LYOPHILIZED 
FRA(iMENTEI) SAR¢OPLASMIC RETICULUM 

l , 'ra~mented s a r c o p l a s m i c  r e t i c u l u m  w a s  prepared  froln the  rabbi t  a d d u c t o r  m a g n u s  musc le .  
Cond i t ions :  o. z 51 K('I, to mM Tris  malea te ,  p i t  6. 5, 5 111-'¥[ MgCI 2, o .075 mM aSCaCl2, r mM A'I'I', 
i mM p h o s p h o e n o l p y r u w t t e ,  o.2 mg p y r u v a t e  k i n a s e  per ml and o.e  m g  f r a g m e n t e d  sarcop lasmic  
re t i cu lum per ml ,  z2 , .  W h e n  o x a l a t e  (5 II-tM) was  used the  m e d i u m  c o n t a i n e d  eo mM Tris  m a l e a t e ,  
p]t  7.o, 3 <) mM I(C1, 5 film MgCI z, 4 mM A T P ,  o .z  ln~I 45Ca, Cl2, o.2 in~'l ILGT.\ and o .oe  m g  
f r a g m e n t e d  s a r c o p l a s m i c  re t i cu lum prote in  per ml. The  Ca 2+ u p t a k e  was  m e a s u r e d  as descr ibed  
earlier'; us ing  Mil l ipore filters, l . i b e r a t i o n  of inorgan ic  p h o s p h a t e  was  m e a s u r e d  at o. 5. z. 5, 5 and 
x() rain; the  va lues  g i v e n  in the  tab le  represent  the  init ial  s lope.  

t;ragmcJzh'd C'a e ~ ~zp/akc .q TPasc activily," 
sarc,)i, lasmic  inzlial rah' 
rc/ic~rhtm .\'o o.ralatc O.ralatc (Hn olcL,/mg /~cr n~in) 

l ~zilial rat<' T o t a l  u p t a k e  I ~zitial rat<" T o t a l  t~ptal¢c No oxalalc Oxalatc 
(/tmoh,s/n~g Qtmoh,/mg) (/orioles~rag (lonoh, s/mg) 
per rain) per mi~) 

[:reM1 I .,~o o. 3 °  2 .4  ~ (~. oo  o. 3 o I. 0 5 

l~y,ophilized 1.75  o . 2 S  2.4.5 0 . 2 o  o.3(3 I.(>o 

" . \ f t e r  e l ) r e p l e t i o n  of  th is  w o r k  we  c a m e  across  a s t a t e m e n t  in a p a p e r  by t{AIRD .X.'4D I)EI<RS "s 
t o  t h e  e f f e c t  t h a t  " freeze -dr i ed  granule  s u s p e n s i o n s  re ta ined  a c t i v i t y  (to inhibi t  mvof ibr i l lar  
: \ T l ) a s c l  a f t e r  s torage  for several  weeks" .  
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plasmic reticulum. There was no increase in the rate or in the total amount of Ca '2+ 
uptake by rabbit white muscle fragmented sarcoplasmic reticulum. In the case of 
the more labile and less active red muscle fragmented sarcoplasmic reticulum, the use 
of dithiothreitol increased the activity by z5-3o %, the best value being o.3/~mole/mg 
per rain for initial uptake rate and z.8/~moles/mg protein for total uptake during 
I5 rain. l .yophilization was also effective in maintaining the activity of the extremely 
labile cardiac fragmented sarcoplasmic reticulum (Table II). The loss of Ca '~+ uptake 
ability of the cardiac fragmented sarcoplasmic reticulum is evident within I day 
(cf. ref. 4). Dithiothreitol had neither an immediate effect on Ca 2+ uptake of cardiac 
fragmented sarcoplasmic reticulum, nor did it affect the stability during storage. 

We also compared the effectiveness of lyophilization and of dithiothreitol in 

T A B L E  I1 

E F F E C T  O F  D I T H I O T H R E I T O L  A N D  L Y O P H I L I Z A T I O N  ON ( ' a  2+ U P T A K E  A N D  A T P a s e  A C T I V I T Y  O F  C A L F  

C A R D I A C  F R A G M E N T E D  S A R C O P L A S M I C  R E T I C I Y L U M  

C o n d i t i o n s  as  descr ibed  in the  l egend  to  T a l l l e  I. D i t h i o t h r e i t o l  w h e n  u s e d  w a s  a d d e d  i n  5 m M  
c o n c e n t r a t i o n .  T h e  Ca ~* u p t a k e  w a s  d e t e r m i n e d  at 3 ° rain. 

l"ra¢,mcnted Dithiothreitol Ca 2+ uptake ,4 TPase activity ; 
sarco/dasmic (pmole/mg) i~'~illal rate 
rch'eHhtm (pmole/mg per mi*~) 

Fresh - -  0 . 6 8  o .  2 9 

+ 0 .74  0 . 3 0  

I d a y  o l d  - -  0 . 0 8  0 . 3 0  
o .13  0.2(9 

L y o p h i l i z e d  

5 d a y s  o l d  - -  0 .74  o.2(9 
[o  ( l a y s  o l d  - -  o .74  o .28  

T A B L E  I I [  

E F F E C T  OF D I T H I O T H R E I T O L  A N D  L Y O P H I L I Z A T I O N  ON ( . ' a  2+ U P T A K E  O F  L O B S T E R  F R A G M E N T E D  

S A R C O P L A S M I C  R E T I C U L U M  

C o n d i t i o n s  as  descr ibed  in the  l egend  to  T a b l e  I ,  e x c e p t  t h a t  in the  presence  of o x a l a t e  O.Ol m g  
of  f r a g m e n t e d  s a r c o p l a s m i c  r e t i c u l u m  w a s  u s e d .  

Fragmented No oxalate Oxalate 
sarcoplasmic 
.rclicltlum Dilhiothreitol Initial rate Total uptake Init ial  rate Total uptake 

(l~moles/mg (ltmole/mg) (l~moles/~g (llmoles/mg) 
per mi~) per rain) 

F r e s h  - -  0 . 9 8  o. t 2 4 .(' 7 .0 
7 1.O(9 o . 1 4  6 . 2  8. ,~ 

(9 d a y s  o l d  - -  - 0 .2  o.O 

- (5.2 I 3 . 2  

IS  ( l a y s  o l d  --  o . o o  o .oo  O.Ol 0 .05  
0 .87  O.lO 3 .6  12.o 

L y o p h i l i z e d  I .o [ 0 .11 O.o 13 ,6  
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lobster muscle fragmented sarcoplasmic reticulum (Table III) .  Dithiothreitol did 
prevent the loss of activity, in good agreement with VAN OER KLOOT a. However, no 
mat ter  how soon after preparation the fragmented sarcoplasmic reticulmn kept in the 
presence of dithiothreitol was tested, we were unable to obtain the high uptake rates 
reported earlier 5. Lyophilized lobster fragmented sarcoplasmic reticulum was as active 
as fresh fragmented sarcoplasmie reticulum even after I8 days of storage. 

Electron microscopic examination of negatively stained material shows that 
the structural integrity of the sarcoplasmic retieulum membrane was well preserved 
in reconstituted lyophilized preparations (Fig. I). Most of the vesicles have a globular 
shape and are of a fairly uniform size, o.15-o.3/l in diameter; some have tails attached 
to them. The characteristic membrane surface, with its partMes of about 4 ° .~ 
diameter 6, is also well preserved. Thus, in view of both biochemical and ultrastructural 
findings, lyophilization appears to be useful for the storage of fragmented sarcoplasmie 
reticulum preparations. 

This work was supported by Grant H-5949 from the National Heart  Institute, 
the Life Insurance Medical Research Fund, the American Heart Association, the 
National Science Foundation, the Muscular Dystrophy Associations of America, Inc., 
and bv General Research Support Grant I-SoI-FR-o5527 from the Division of Re- 

Fig. i. Effect of lyophilization and storage on ul t ras t ructure  of rabbi t  white muscle fragmented 
sarcoplasmic reticulum. A. Fresh material. B. Lyophilized fragmented sarcoplasmic reticulum 
after storage for 4 mouths .  \:esicles were negatively stained with j o.~, phosphotungst ic  acid 
(pit  7.o). Inser ts  show details at higher magnification. Note tha t  integri ty of the membrane  
s t ructure  is retained in the lyophilized fragmented sarcoplasmic reticulum..Markers indicate o. 5 ,t 
and o.i /t for the main part  of the figure and the insert, respectively. 
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Carotenoid pigments and the stability of the cell membrane of Sarcina lutea 

The carotenoid pigments of non-photosynthetic bacteria are located within tile 
cell in association with the cell membrane ~-3, and have been shown to protect the 
cells against lethal photosensitization 4, s. It has been suggested 6 that one of the ways 
that carotenoid pigments might function would be by stabilizing such damaged mem- 
branes. Indeed, SALTON AND ETHISHAM-UD-DIN a a n d  SALTON AND FREER 7 found that 
occasional preparations of cells of the carotenoid-containing organisms 3licrococcus 
lysodeikticus and Sarcina lutea whose membrane-associated carotenoids were com- 
pletely depleted by growing the cells in the presence of diphenylamine lysed more 
readily, and membranes prepared from these cells appeared to be less stable. These 
observations and suggestions have prompted us to investigate whether carotenoid 
pigments play a role in stabilizing the cell membrane of S. lutea. In addition to di- 
phenylamine-treated cells, we used a colorless mutant which accumulates the colorless 
precursors phytoene and phytofluene, the same compounds which accumulate in 
DPA-treated cells. 

The organisms used in this study were a lysozyme-sensitive strain of S. lutca 
obtained from Dr. R. Y. Stanier, and a colorless mutant of this strain, nmtant  2win 
induced by exposure of the wild type to ultraviolet light. The (:ells were grown in 
nutrient broth (Difco) on a rotary shaker at 3 o°. For those experiments in which 
inhibition of production of colored pigment was desired, diphenylamine was added 
to the nutrient broth at the time of inoculation to give a final concentration of o. I raM. 
Diphenylamine was obtained from Distillation Products Industries, and lvsozvme 
from Nutritional I3iochemical Corp. 
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