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Membrane-associated ATPase activity from Micrococcus lysodeikticus 

Membrane -bound  ATPase  (ATP phosphohydro lase ,  EC 3.6.I.3) ac t i v i t y  has  
been found in some Gram-pos i t ive  bac te r i a  1-4. MITCtIELL 5 demons t r a t ed  ATPase  
a c t i v i t y  associa ted wi th  membranes  of Micrococcus lysodeikticus. ISHIKAWA AND 
LEHNINGER 6 s tudy ing  ox ida t ive  phosphory la t ion  in this  bac te r ium descr ibed a mem-  
brane-assoc ia ted  ATPase  ac t i v i t y  which was released as soluble pro te in  b y  osmotic  
shock in the  cold. More recent ly ,  ISHIKAWA ~ repor ted  the  iden t i t y  of a Cae+-act ivated 
ATPase  and a coupl ing fac tor  associa ted  wi th  the  membrane  M. lysodeikticus. The  
ac t i v i t y  of this  Ca2+-ATPase was very  low and was increased by  t ryps in  t r ea tmen t .  
W i t h  the  except ion of these findings, ve ry  l i t t le  is known abou t  the  charac te r i s t i cs  
of this  enzyme and any  funct ional  re la t ionship  between these character is t ics  and the 
bac te r ia l  membrane .  This p re l imina ry  repor t  describes some resul ts  ob ta ined  in our 
bac ter ia l  membrane  s tudies  of a m e m b r a n e - b o u n d  ATPase  in M. lysodeiktic~ts, i t s  
solubi l izat ion in a s imilar  w a y  to the  m e m b r a n e - b o u n d  ATPase  from Streptococc~ls 
faecalisL and several  of i ts proper t ies .  

M. lysodeikticus NCTC 2665 was grown and ha rves ted  as descr ibed previous ly  s. 
Membranes  were ob ta ined  from pro top las t s  b y  osmotic  shock. The cells (2o-3o mg 
d r y  weight /ml)  were resuspended in o.o3 M Tris-HC1 buffer at  p H  7.5 and made  o.8 M 
wi th  respect  to sucrose and o.o5 M for CaC12 or MgC12. Cells were held  for 3o rain 
at  room t empera tu r e  (2o-25 °) under  these hyper ton ic  condit ions.  Lysozyme  (2oo 
~g/ml) was then added  and af ter  3o min- incuba t ion  at  room tempera tu re ,  the pro to-  
plasts  so formed were ha rves ted  by  cent r i fuga t ion  at  o ° (3o rain at  3oooo >, g in 
a Sorval l  RC-2 centrifuge).  The p ro top las t s  were then  burs t  in o.o3 M Tris-HC1 buffer 
a t  p H  7.5 in the presence of deoxyr ibonuclease  (2o/~g/ml). Membranes  were sedi- 
lnented  b y  cent r i fugat ion  at  o ° (3o-min at  3oooo x g) and  washed several  t imes with 
the  same buffer. All  supe rna t an t s  were recovered and assayed for prote in  content"  
and  ATPase  ac t iv i ty .  The a c t i v i t y  was measured  b y  the l ibera t ion of inorganic phos- 
pha te  (Pi) in a tes t  sys tem tha t  con ta ined :  ATP 8 /mmles ,  CaC12 or MgC12 4/xmoles,  
Tris-HC1 buffer 9 ° /~nloles  and 1o-5o ~g of protein,  in a final volume of I ml at  pH 7-5. 
Af ter  IO rain of incuba t ion  at  37 ° the reac t ion  was s topped  with  o.I  nil of 2o o; 
t r ichloroacet ic  acid and o.5 nil of the  supe rna t an t  solut ion was removed  for Pi de- 
t e rmina t ion  1°. 

Al though  the s u p e r n a t a n t  from the first wash conta in ing  the soluble cvto-  
plasmic prote ins  showed no ATPase  ac t iv i ty ,  the  supe rna tan t s  from the third,  fourth  
and fifth washings had  a high specific ac t i v i t y  for this  enzyme.  The pooled ac t ive  
supe rna t an t s  p repared  in o.o3 M Tris-HC1 buffer a t  p H  7.5 were s table  at  4 :' for 
several  weeks. The ATPase  ac t i v i t y  showed a clear requ i rement  for the  d iva len t  
ca t ions  Ca 2 ~ or Mg 2+. Ca 2+ was the  be t t e r  ac t i va to r  and  i ts  presence resul ted  in a 
specific ac t i v i t y  of 4 t *nloles of P i /min  per  mg of protein.  As an ac t iva tor ,  Mg ~+ was 
less efficient and  gave a specific ac t i v i t y  of I ~mole Pl /min  per  mg of protein.  I t  was 
significant t ha t  Mg 2+ was an inh ib i to r  of the Ca2+-ATPase a c t i v i t y  and gave 5o % 
inhibi t ion  when the Mg 2 t- concent ra t ion  was one- ten th  tha t  of the  Ca 2+. 2 ,4-Dini t ro-  
phenol,  Na  + and K + had  no influence on the Ca2t -ac t iva ted  ATPase.  

The enzyme did not  hydro lyse  A D P  or p -n i t ropheny lphospha te .  Moreover,  
O/  A D P  was an inh ib i tor  of the  Ca"+-act ivated ATPase  ( /o /o inhibi t ion  with 4" lO-'3 M 
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Fig.  I. N e g a t i v e l y  s t a i n e d  A T P a s e  p r epa ra t i~m,  a. A c t i v e  e n z y m e  p r e p a r a t i o n  s h o w i n g  s p h e r i c a l  
p a r t i c l e s  of a p p r o x ,  l~,o =\ d i a m e t e r  (circles),  ~\ 3 o o o o o .  b. Se l ec t ed  p a r t i c l e s  s h o w i n g  a cen t rM 
s u b u n i t  s u r r o u n d e d  by  6 a d d i t i o n a l  s u b u n i t s  (arrows) ,  ~ i o o o o o o ,  c. Se l ec t ed  p a r t i c l e s  w h i c h  
a p p e a r  to  c o n s i s t  of 2 a p p o s e d  d iscs  of s u b u n i t s  (arrows) ,  × i o o o o o <  d. M e m b r a n e  f r a g m e n t  
s h o w i n g  a s s o c i a t e d  p a r t i c l e s ,  / 3o0 ooo. 
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ADP). Of the usual inhibitors of ATPase (p-chloromercuribenzoate, N-ethylmale- 
imide, ouabain, cyanide, sodium azide), only azide was effective with 6o % inhibition 
at I" IO -4 M azide. The ATPase activity was destroyed by incubation with trypsin, 
but was not affected by deoxyribonuclease treatment. With respect to these properties 
and the high specific activity, our enzyme differs from the preparation of ISHII<AWA v. 
This may be the result of differences in the methods of preparation of the enzymes 
or may indicate that they are different proteins. 

The active enzyme preparation was exanfined in the electron microscope using 
negative staining with i.o % ammonium molybdate in 2.0 °o ammonium acetate buffer 
(pH 7.2). The appearance of the enzyme is seen in Fig. I. The active enzyme fraction 
(Fig. Ia) appears to consist mainly of roughly spherical particles of approx. IOO A 
diameter. Subunits can be seen in many of the particles. Fig. Ib shows particles at 
a higher magnification, two of which reveal the presence of a central subunit encircled 
by 6 additional units. Certain particles have a rectangular profile which may indicate 
that the particles are in fact disc shaped and can associate, at least in pairs, to form 
short cylinders (Fig. IC). Particles similar to those seen in the purified enzyme prepa- 
rations were often found associated with membrane fragments (Fig. Id). Particles of 
similar dimensions have been seen associated with membrane fragments in ATPase- 
rich fractions obtained from mitochondrian, v'. ABRAM 13 and BIRYUZOVA et al. 14 have 
described stalked particles of about the same size associated with bacterial mem- 
branes. The association of ATPase activity with these particles suggests a basic type 
of structural organization common to nfitochondrial and bacterial membrane systems. 
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