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Adenosine triphosphatase activity of intact muscle cells 

I~OTHSTEIN has  shown t h a t  enzymes  are p resen t  a t  the  yeas t  cell surfacea, ~ and a t  the  surface 
of i n t e s t ina l  mucosa l  cells a. The expe r imen t s  of LEVlNE et al. 4 i nd ica t ing  t h a t  insul in  increases 
the  ra te  of t r a n s p o r t  of hexoses  across cell membranes ,  and  the  phenomenon  of insul in  b ind ing  
by  muscle  descr ibed by  STADIE and co-workers  5, po in t  to the  cell surface as an i m p o r t a n t  s t ruc tu re  
concerned wi th  ti le r egu la t ion  of metabo l i sm.  Recent ly ,  SHAW AND STADIE 6 have  demons t r a t ed  
the  co-exis tence of two g lyco ly t ic  sys tems  in the r a t  d i a p h r a g m :  a g lycogen-syn thes iz ing  p a t h w a y  
respons ive  to insul in  and  a l ac t a t e - syn thes i z ing  sys tem which is not  affected by  insulin.  The 
l a t t e r  sy s t em appears  to be a t  or near  the  cell surface. E v e n  a t  the  sub-cel lular  level, when the  
behav ior  of the  isola ted mi tochondr i a  is examined ,  the  surface of the  mi tochondr ion  exh ib i t s  
enzymic  ac t iv i ty ,  as shown by  LEHNINGER 7, who fmmd t h a t  the  i n t ac t  mi tochondr ion  metabol ized  
added  reduced d iphosphopyr id ine  nuc leo t ide  bu t  w i t h o u t  a ccompany i ng  ox ida t i ve  phosphory-  
lat ion.  W h e n  the surface of the  mi tochondr ion  was al tered,  the  reduced D P N  entered the in ter ior  
of the  par t ic le  and  ox ida t i ve  phos pho ry l a t i on  was demons t r a t ed .  LEHNINGER concluded t h a t  the  
surface of the  mi tochondr ion  conta ins  enzymes  which can metabol ize  added  subs t ra te .  

We wish to repor t  here expe r imen t s  which ind ica te  t h a t  the  surface of the  ra t  d i aph ragm 
exh ib i t s  adenos ine  t r i p h o s p h a t a s e  ac t iv i ty .  These expe r imen t s  (Table I) show t h a t  the  add i t ion  
of adenosine  t r i phospha t e  (ATP) to r a t  d i a p h r a g m  equ i l ib ra t ed  i n  v i t ro  resul ted  in a rap id  hydro-  
lysis, a lmos t  comple te  af ter  I hour  a t  380 C, wi th  p rac t i ca l ly  q u a n t i t a t i v e  recovery  of the resul t ing  
inorganic  p h o s p h a t e  in the  solution.  The  s l igh t ly  lower va lues  for the  dec rement  of acid-labi le  
phospha te ,  compared  wi th  the  inc rement  of inorganic  phospha te ,  m a y  be due in p a r t  to  a s l ight  
p roduc t ion  of acid- labi le  phospha t e  by  the  d i a p h r a g m  in the  absence of added  ATP. The concen- 
t r a t i on  of the  adenyl ic  acid moie ty  of ATP remained  unchanged  dur ing  the  exper iment ,  as shown 
by u l t r av io l e t  absorp t ion  m e a s u r e m e n t s  a t  260 mlz. ATP was hydro lyzed  by  the  d i a p h r a g m  in 
n i t rogen as well as in oxygen.  

T A B L E  I 

HYDROLYSIS OF ADDED ATP IN "rile PRESENCE OF RAT DIAPHRAGM* 

Initial Final Initial Final Corrected 
E.~pt. W/o/ Pi** Pi** Di(lerence difference*** acid-labile acid-labile Di•erence 
No. diaphragm P§ P§ 

mg All values are expressed as micromoles 

i ] 3 2  0.8 5.7 4.9 + 3.6 9.6 7.4 - - , . 2  

2 I36 0.8 6.3 5-5 + 4.1 9.6 6.7 - -  2.9 
3 90 0.8 4.2 3.4 @ 2. 9 11.9 8.0 - -  3.9 
4 292 i .o to.8 9.8 + 5.7 i ,  .o 4.6 5-4 
5 237 i .o  lo. 3 9.3 + 6. 9 lO.O 4 .6 - -  5.4 
6 238 1.0 8.8 7 .8 + 5.4 1o.o 5.0 -- 5.o 

Mean + 4.8 4.i  

* I n c u b a t e d  for 3 ° minu te s  in o.9°/,,o NaC1 in an a tmosphe re  of oxygen  a t  38o C. The ATP 
was a commerc ia l  p r epa ra t i on  in the  form of the  ba r ium sa l t  and  was conver ted  to the  sod ium 
sa l t  before use. 

* *  Ino rgan i c  phospha te .  
*** Corrected for the  p roduc t ion  of inorganic  p h o s p h a t e  by  the control  h e m i d i a p h r a g m  incuba ted  

in the  absence of added  ATP. In  6 i nde pe nde n t  exper iments ,  th is  averaged  1o micromoles  per  
3 ° minu te s  per  g ram wet  we igh t  of t issue. 

§ Measured as the  inorganic  phospha te  l ibera ted  af ter  i o  minu te s  a t  IOO ° C in I N acid. 

The poss ib i l i ty  t h a t  these  resul ts  were due to the  leakage  of adenosine  t r i phospha t a se  from 
the ra t  d i a p h r a g m  dur ing  the  3 ° m inu t e  equ i l ib ra t ion  period was t es ted  by add ing  the  ATP 
to  the  m e d i u m  af ter  r emov ing  the  d i a p h r a g m  a t  the  end of 3 ° minu te s  and  con t inu ing  the  incu- 
ba t ion  for ano the r  30 minutes .  Under  these condit ions,  there  was  no hydro lys i s  of ATP. Inorgan ic  
py rophospha te ,  f l -glycerophosphate ,  hexose  d iphospha te  and  tr iose phospha t e  were not  hydro lyzed  
to  inorganic  p h o s p h a t e  by  ra t  d i aphragm.  However ,  hexose d iphospha te  was spl i t  to t r iose 
phospha te .  In  con t r a s t  to  the expe r imen t s  wi th  ATP, th i s  a c t i v i t y  could be accounted  for by  the  
appea rance  of enzyme  in the  m e d i u m  in which  the  d i a p h r a g m  was equi l ib ra ted .  This phenomenon  
of leaching of a ldolase from the  d i a p h r a g m  has been descr ibed by  ZIERLER s. 
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An a t t emp t  was made to visualize the site of adenosine t r iphosphatase  activity by incubating 
the d iaphragm with and wi thout  added ATP in the presence of o.ooi M lead acetate (which did 
not  inhibit the reaction). After washing with water  and immersing the tissue in 1% sodium 
sulfide solution (to convert  the precipitate of lead phospha te  formed at the site of hydrolysis 
to the readily visible lead sulfide), the control d iaphragm showed deposits of lead sulfide only 
at  the cut edges while the d iaphragm incubated in the presence of ATP showed marked deposits 
of lead sulfide conforming mainly to the outline of the muscle bundles at  the surface of the tissue. 
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Further studies on the formation of ascorbic acid in plants 

Tracer  studies 1-5 on the ur inary  L-ascorbic acid recovered from rats  administered 14C-labeled 
D-glucose have led to the following proposed pa t hw ay  of conversion: 

D-glucose --+ D-glucuronolactone -I-> L-gulonolactone --+ L-ascorbic acid. 

Non-isotopic experiments~, 7 on animals (normal rat) and plants  (cress seedling) with various 
postula ted intermediates led to similar conclnsions. The latter studies also proposed an analogous 
p a t h w a y  for the part icipation of D-galactose: 

D-galactose --+ D-galacturonate ~ L-galactonolactone ---+ L-ascorbic acid. 

A s tudy 8 of the conversion of D-glucose-i-14C into L-ascorbic acid in the ripening s t rawberry  
led to the discovery tha t  unlike the 14C exper iments  involving the rat=,4, 5, no inversion occurred 
in the location of label in the ascorbic acid; t ha t  is, in the s t rawberry,  carbon-i  of D-glucose 
became carbon- i  of L-ascorbic acid, in cont ras t  to the pa th  of conversion in the ra t  where carbon- i  
of D-glucose became carbon-6 of L-ascorbic acid. 

In  view of the observat ions 7 relating the p a t h w a y  of ascorbic acid format ion in plants  and 
animals, it became a mat te r  of interest  to learn whether  the s t rawber ry  results represented a 
unique or possibly an al ternative pa thway,  or whether  the observat ion was representat ive of 
the normal  pa th  of ascorbic acid format ion in plants.  For  this reason, exper iments  similar to 
those employing strawberries fed with D-glucose-I-14C were conducted with cress seedlings 
(Lepidum salivum). In  a prel iminary study,  etiolated seedlings, about  44 hours  old, were separated 
from their testas and part ial ly immersed in a o.I ~o D-glucose -t-14C SOlUtion (6.1 /*C) for 33 hours.  
After an additional i7 hours  in distilled water, the etiolated seedlings were ground up in boiling 
water, cooled, and centrifuged free of insolubles. The ascorbic acid was recovered as previously 
described s. After three crystallizations from glacial acetic acid, the ascorbic acid contained 47 ° 
c.p.m./mmole.  Carbon-I  (by decarboxylation) contained 30o c .p .m. /mmole as ascorbic acid. Ap- 
parently,  64 % of the counts  were in carbon- i .  

In  order to confirm this observation,  a second exper iment  was performed. Sterile technique 
was observed as closely as was practical. The seeds (250) were given a prel iminary five-minute 
soak in sa tura ted  calcium hypochlori te  followed by several rinses with sterile distilled water.  
The etiolated seedlings were germinated 2ver a period of 66 hours  and then treated (without 
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