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The ATPase  activity in the various subcellular  s t ruc tures  of the rabbit  bone mar row was in- 
vest igated by e lec t ron-his tochemioal  and biochemical  methods.  Highest activity of the enzyme 
was found in the nuclear  membranes ,  followed by the mttochondria,  m i c r o s o m e s ,  and nuclei. 
On e lec t ron-mic roscop ic  investigation ATPase  in the nuclei was found chiefly in the outer nu-  
c lea r  membrane .  ATPase  in the mitochondria  is c losely connected with the membranous  
s t ruc tures ,  unlike in the mitochondria  of other t i ssues .  The enzyme in the mic rosoma l  f r ac -  
tion is located on the outer  side of the mic rosoma l  ves ic les .  

Active differentiation of cells of the erythroid  and myeloid se r ies  takes place in the bone mar row.  
The ATPase  activity of the s t ruc tures  of these cells ref lects  to some degree thei r  part icipation in energy 
generation.  

Considering the high metabolic activity of the nuclei during differentiation, the AT Pase activity of the 
nuclei and nuclear  membranes  is a subject of par t icu lar  interest .  

The object of this investigation was to study ATPase  activity in isolated cell  nuclei and other  subcel-  
lular  s t ruc tures  of the bone mar row.  ATPase  was studied by an e lec t ron-h is tochemica l  method and the 
enzyme was also determined biochemical ly in the isolated cell s t ruc tures .  

EXPERIMENTAL M E T H O D  

Bone mar row cell nuclei were isolated from rabbits [4]. The mitochondria  and mic rosoma l  fraction 
were isolated by the method of Schneider and Hogeboom [7]. 

Examination of films of the nuclei stained by the Romanovsky-  Giemsa method in the light mic roscope  
showed that the preparat ion was contaminated with up to 5% of cytoplasm. E lec t ron -mic roscop ic  investi-  
gation revealed nuclei with disturbances of the membrane  as well as nuclear  f ragments  (Fig. 1). Bone 
mar row nuclei are  very  fragile and are  easi ly broken up by mechanical  and chemical  agents.  

The isolated nuclei were suspended in 0.25 M sucrose  and centrifuged for  10 min at 1,500 g. The 
residue of nuclei was t rea ted  with 4 ml of 0.25 M sucrose  and i r radiated with ul t rasound (20 kHz) for  20-30 
sec.  The i r radia ted nuclear  suspension was centrifuged for 7 rain at 600 g. The supernatant,  containing 
the membranous  mater ia l ,  was mixed with two volumes of 69% sucrose ,  2 .7-ml  samples  of the resul t ing 
suspension were poured into centrifuge tubes, af ter  which 0.3 ml  layers  of suc rose  solutions with densities 
(at 20~ of 1.22,  1.20, 1.19, 1.18, 1.16, and 1.14 were then success ive ly  added. The tubes and thei r  contents 
were then centrifuged on the SW 39 bucket ro to r  of a Spinco L-50 ul t racentr i fuge at 36,000 rpm for  75 min 
(105,000 g). At the end of centrifuging the membranous  mate r ia l  was concentrated as whitish bands between 
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Fig. 1. Nuclei of rabbit bone mar row 
cells (Epon-812; 6000 • 

Fig. 2. Mg-activated ATPase  activity 
in isolated rabbit bone mar row nuc le i  
(38,000 x). 

Fig. 3. Mg-activated ATPase  activity 
in isolated mitochondria i20,000 x).  

the sucrose  layers with densities of 1.22-1.20 and 1.16-1.18. 
Since there was very  little mater ia l  in each layer,  the mate -  
r ial  of the two bands was combined, mixed together,  diluted 
with distilled water  in the ratio of 1 : 6, and centrifuged for 
30 min at 10,000 g. The residue of membranes  was used to 
prepare  blocks for e lec t ron-microscop ic  investigation by stan-  
dard methods [1]. E lec t ron -mic roscopy  showed that these 
preparat ions  contained double membranes .  

A thick suspension of the result ing fract ions in 0.25 M 
sucrose  was t r ans fe r red  by means of a pipette into an incuba- 
tion medium containing 0.08 M Tr i s -ma lea t e  buffer (pH 7.4), 
0.25 M sucrose,  2 mil l imoles magnesium acetate,  2 mil l imoles 
ATP, and 2 mil l imoles lead acetate.  Unlike media with lead 
ni trate or  with other  buffer mixtures ,  a medium of this com-  
position is stable and does not become cloudy if kept for  many 
hours.  After  incubation for 30 min at 37~ the mate r ia l  was 
centrifuged and the residue resuspended in 2.5% glutaraldehyde 
in 0.05 M Tr i s -ma lea t e  buffer (pH 7.4) and 0.25 M sucrose .  
After fixation for 15 rain in this medium the mater ia l  was 
washed off with 0.25 M sucrose  and postfixed in 1% OsO 4 solu- 
tion in 0.1 M phosphate buffer (pH 7.2) with 0.25 M sucrose  
for 30 rain. The mater ia l  was then dehydrated and embedded 
in Epon 812, as descr ibed previously [1]. 

ATPase  activity was determined by the method of Loh-  
mann and Langen [5]. 

E X P E R I M E N T A L  R E S U L T S  

The ATPase  activity in the nuclear  fraction was 47 
#mole PO4/g pro te in /min  at 37~ The resul ts  of the e lec t ron-  
his tochemical  investigation (Fig. 2) showed that ATPase  act iv-  
ity in the bone mar row cell nuclei is localized mainly in the 
outer  nuclear  membrane .  However, where the outer nuclear  
membrane  was damaged, a reaction for ATPase  was also seen 
on the inner nuclear  membrane .  In nuclei evidently belonging 
to more  highly differentiated blood cells the reaction product 
could be observed in the chromat in  and nucleoli. The predom-  
inant localization of ATPase  activity in the nuclear  membrane  
was also confirmed by the fact that quantitative est imation of 

the activity of this enzyme in the fraction of nuclear  membranes  gave a figure of 223.8 #moles  PO4/min 
at 37~ severa l  t imes higher than the activity of the whole nuclei. 

Consequently, rabbit bone mar row nuclei do not differ f rom rat l iver  nuclei in their  total ATPase  
activi ty [2]; however,  the ATPase  activity in the nuclear  membranes  is somewhat higher in the fo rmer  
than in the la t ter  [2]. Elec t ron-his tochemical ly ,  ATPase  was found chiefly in the outer  nuclear  membrane .  
The ATPase  activity in the mitoehondrial  and mic rosomal  fract ions of the bone mar row cells was 191.4 
and 117.7 ~moles P O J m i n  respect ively at 37~ ATPase  activity detected e lec t ron-his tochemiea l ly  in the 
mitochondria  of the bone mar row cells is c losely connected with the membranous  s t ruc tures ,  unlike the 
situation in the mitochondria of other,  more  highly differentiated t issues  where the product of ATPase  
activity is found chiefly in the matr ix  [3, 6]. 

The mitochondria  of undifferentiated bone mar row cells,  like the nuclei, evidently possess  low me-  
chanical  strength: during isolation the membranous  components of the mitochondria  are  easi ly broken up, 
thereby facilitating access  of the substrate  to the enzyme. In the electron mic roscope  swollen mitochon-  
dria,  a lmost  without cr is tae ,  can be found (Fig. 3). ATPase  activity was found on the outer side of the 
mitochondrial  membrane  and in the remaining cr i s tae .  

The e lec t ron-his tochemical  investigation of the ATPase  activity of the mic rosoma l  fraction showed 
that this enzyme is located on the outer side of the mic rosoma l  vesicles .  
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