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Summary 

Stlmulatmn of the Escherzchta coh  ATPase activity by urea and trypsin 
shows that  there m a latent ATPase activity m partmles and m a crude cou- 
pling factor of E colt. Moreover, crude couphng factor, completely dissoci- 
ated by t reatment  with 7 M urea, can inhibit the ATPase actlwty of  the crude 
couphng factor It IS suggested that  the latency of the ATPase activity of the 
couphng factor is due to the presence of  a protein, the ATPase-mhlbltor. 

Both In ml tochondna  [1] and chloroplasts [2] the presence of a natu- 
rally occumng ATPase-mhlbltor has been demonstrated. Ernster et al. [3] 
and Van de Stadt et al. [4] have presented evidence that  the mltochondnal  
inhibitor plays a regulatory function m omdatlve phosphorylatlon A similar 
regulatory function has been postulated for the chloroplast inhibitor [ 5] If 
such an inhibitor is an essential component  of  the system catalysmg oxidative 
phosphorylatlon, it may be expected that  it is also present m bacteria 

Several bacteria are known that  possess a latent ATPase activity (ref. 6, 
see ref. 7 for revmw) whmh can be unmasked by trypsin. It therefore seems 
logical to assume that  thin is due to a naturally occurring bacterial ATPase 
inhibitor analogous to that  m ml tochondna  and chloroplasts The present 
study was undertaken to put  this assumptmn to a test 

Subbactenal partmles and a crude couplmg factor from Escherwhta  colt 
A 428 were molated as described prevmusly [8].  ATPase activity was assayed 
by measurement of  morgamc phosphate [9] hberated from ATP Protein was 
determined by the method of Lowry et al. [10],  with bovine serum albumin 
as standard. 

As can be seen m Fig.l, hlgh concentratmns of urea completely mhlblt 
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Fig 1 Effect of urea on the ATPase achwty of E cob partlcles and crude couphng factor The crude 
couphng factor (16 #g) and particles (200 #g) were incubated for 5 mm at 37°C wlth the lnchcated 
amounts of urea m 50 mM Tns-HCl and 2 5 mM MgCI~ (pH 7 8), m a total volume of 1 ml After thls 
mcubatmn the ATPase actlvlty was tested by addition of 5raM ATP X X, crude couphng factor, 
O O, parhcles 

Fig 2 S t unu l a t l on  of  the  ATPase  ac t iv i ty  of  E col~ part ic les  and  c rude  c o u p h n g  fac to r  by  t ryps in  Crude  
c o u p h n g  fac tor  (16 #g)  and  par tmles  ( 2 0 0  Ng) were  i n c u b a t e d  wi th  250  #g T P C K - t r y p s m  (Wo r th in g to n )  
m l 0 0 m M T n s - H ~ l  and  5 m M M g C I ~  (pH 7 8)  m a t o t a l v o l u m e o f 0  5 m l  for  t h e m d l c a t e d  tnne  T h e n  
the  T P C K - t r y p s m  was inh ib i t ed  b y  adding  800  #g t ryps in - inh ib i to r  (Soybean ,  W o r t h i n g t o n )  and  the 
v o l u m e  b r o u g h t  to  1 ml  wi th  w a t e r  The  ATPase  ac t lw ty  was t e s t ed  m 1 ml  b y  add i t i on  of  5 m M  ATP 
X X, c rude  coupl ing  fac tor ,  O O, par t ic les  
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Fig 3 Inh ib i t i on  of  the  ATPase  a c t lw ty  of  E. cob  c rude  c o u p h n g  f ac to r  by  a c o m p l e t e l y  d issocia ted  
c rude  c o u p h n g  fac to r  The  c rude  c o u p h n g  f ac to r  was pur i f ied  over  D E A E - S e p h a d e x  A (50 to  18 u m t s  
m g  p ro t e in )  ' C r u d e  coupl ing  f ac to r -u rea '  (ccf-urea)  Crude  c o u p h n g  f ac to r  (1 m g / m l ,  4 - - 5  u m t s / m g )  
was t r e a t e d  for  5 m m  wi th  7 M urea ,  t h e n  d la lysed  at  4°C for  3 X 1 h against  20 mM Tns*  H~I  (pH 
7 5) to  r e m o v e  m o s t  of  the  u rea  X X, the  D E A E - p u n f l e d  c rude  coupl ing  f ac to r  was i n c u b a t e d  
wi th  the  ind ica ted  a m o u n t s  of  ' c c f -u r ea '  in 100 m M  Tr l s .  H~I ,  5 m M  MgCl:  (pH 7 8) in a hna l  v o l u m e  
of 0 5 ml.  A f t e r  10 m m  the  v o l u m e  was  b r o u g h t  to  1 ml  wi th  H 2 0  an d  ATPase  ac t lw ty  was  t e s t ed  
O O, 100  pl ' c r u d e  c o u p h n g  fac to r -u rea '  was p re - t r ea t ed  wi th  T P C K - t r y p s m  (250  ~g) (Wo r th in g to n )  
Af te r  5 m l n  the  r eac t i on  was s t o p p e d  by  adding  t rypmn- lnh th l to r  Th e  inh ib i to ry  ef fec t  o f  this 100 #1 
was t e s t ed  
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the ATPase activity of both membrane-bound and solubfllzed ATPase. This 
inhibition is irreversible and probably due to sphttmg of the ATPase mto 
subunlts However, at lower concentrations, where the ATPase ls not  yet  
degraded, a stimulation by urea of the ATPase activity is found. A similar 
stimulation is illustrated m Fig 2, which shows the trypsin activation of the 
solubflized and membrane-bound ATPase. Apparently, m both cases there 
Is a latent ATPase activity present. Through the proteolytm digestion of  
trypsin this activity is unmasked, which indicates that  a protein is revolved 
m the ATPase inhibition 

Nelson et al. [2] have shown that  a 7 M urea extract of chloroplast 
ATPase (CF1) inhibits the activated CF1 and that  this inhibition is due to 
the e subumt of  the CF1, the ATPase-inhibltor. Fig.3 shows a similar experi- 
ment  with a crude solubfllzed ATPase from E coh. 

It can be seen that  the ATPase activity of  the coupling factor is mhlb- 
lted by 40%. If we activate the crude coupling factor with trypsin, as m Fig.2, 
the extra ATPase actlwty was inhibited 80% by 100 pl of crude coupling 
factor-treated with urea as described in the legend to Fig.3. 

Further experiments have indicated that  the Interaction of the E coh 
ATPase with the inhibitor is different from that  m mltochondna.  Passage of 
E coh particles over a Sephadex G-50 column, according to Racker and 
Horstmann [ 11 ], which depletes submltochondnal  particles of inhibitor, has 
no effect on the ATPase activity of E coh partmles. Also, somcatlon of  
E coh cells m a medmm contmnmg EDTA (2 mM) at high pH (9 2) g~ves no 
enhancement of  the ATPase activity. 

These results lndmate that  the Interaction of the E cob ATPase with 
Its postulated inhibitor resembles more the interaction of  CF1 and its inhi- 
bitor than that  of the mltochondrial ATPase. Pyndme treatment  of  the pun- 
fied E coh ATPase according to Nelson et al [2] resulted in isolation of  a 
fractmn enrmhed m inhibitory achwty  and containing a higher proportion 
of  a component  of molecular weight 12 000, as determined by gel electro- 
phoresis. Work is m progress to Isolate a pure E. coh ATPase inhibitor. 
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