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INTRODUCTION 

Adenosine triphosphate (ATP) can be determined either by measuring the amount 
of labile phosphorus split off by  IO minutes' hydrolysis in N HC1 at lOO °1, or by enzymic 
assay with myosin adenosinetriphosphatase, or myosin plus myokinase 1, 2. There is a 
general consensus of opinion that  the first method only gives reliable results in the 
analysis of fresh, pure laboratory preparations of ATP. I t  follows that  in all biological 
material ATP must be estimated by enzymic assay. A third possibility would lie in the 
employment of reactions in which ATP exerts a coenzyme function: c.q. hexokinase 3, 
thiaminokinase 4. However, these reactions have the disadvantage of requiring relatively 
large amounts of ATP to produce measurable effects. Finally there are spectrophoto- 
metric methodsS,6, 7, but  these are fairly complicated. 

A major handicap in the application of myosin to the assay of ATP in biological 
material is that  ATP must first be extracted from the tissues under examination, and 
that it has always been recommended to do this with trichloroacetic acid in the cold, 
as ATP would be easily injured by acid reaction. From such a trichloroacetic acid extract  
ATP must be isolated again before applying myosin, a cumbersome procedure, which, 
as we have seen and will be discussed below, incurs considerable losses from dilute 
solutions. Moreover, it is very difficult to extract ATP with cold trichloroacetic acid 
from fresh pressed yeast, which was our main objective in the determination of ATP. 

We have therefore a t t empted - -wi th  favourable resu l t s - - to  extract ATP by one 
minute's boiling in dilute HC1, in the same manner as is done for thiamine pyrophos- 
phate 8. ATP is not damaged at all by this procedure, provided the pH does not drop 
below 2.5. The myosin test can be applied directly to the extracts thus obtained, after 
neutralizing and spinning down the debris. Yeast is extracted very easily in this manner. 

In the following the elaboration of the procedure for the estimation of ATP in yeast 
is outlined, and its adaptation for the estimation in blood is described. 

EXPERIMENTAL 

I. Materials and methods 

a. Myosin. P r e p a r e d  f rom rat muscle as described by  STEYN PARV~ AND GERRITSEN 9. 
b. Adenosine triphosphate and adenosine diphosphate. A T P  was  p repa red  in t h e  l abo ra to ry  

according to  a s l igh t ly  modif ied vers ion 1° of  t he  p resc r ip t ion  b y  DOUNCE el al. i t .  The  m o n o b a r i u m  
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salt was converted into the potassium salt with K2SO 4 before use. Adenosine dlphosphate (ADI') 
was prepared from ATP by LOHMANN'S method with lobster muscle v~, la 

c. Yeast. Most work was done with fresh, pressed commercial bakers' yeast ("Koniugsgist". 
Delft). Some tests were performed with fresh brewers' yeast from the "Amstel" brewery (Amsterdam). 

d. Myosin test. Performed according to BAILEY'S method 1, slightly modified. Reaction mixtures 
always contained i ml substrate, ~ ml 0.5 .~kr glycine buffer pH 8.5, o.I ml CaC12 (o.i 3I or o.02 .VI. 
see below) and o.t to o.2 ml myosin solution (depending on its activity). Incubation took place at 
27.5° C for 2 hours. After deproteinization with 0.5 ml trichloroacetic acid 20% and standing in 
ice-cold water for 3 ° minutes the extracts were centrifuged and 2 ml were used for the determination 
of inorganic phosphate. Blanks had the same composition as the test solutions, but here trichloro- 
acetic acid was added immediately after adding myosin. The difference between test and blank 
gives the amount of P split off from ATP by myosin. 

e. Determination o/inorganic phosphate. Carried out according to SO.~INER'S method 14, with this 
modification that the total volume was 25 instead of 5 ° ml. A set of standard solutions containing 
2o, 4 o, 60 and 80 7 p respectively was included in each series of determinations. Spectrophotometric 
measurement of light absorption was performed at 6800 A in the Beckman spectrophotometer, cell 
depth: 1o ram. 

2. The resistance o / A  T P  against boiling in dilute acid 

From dilute solutions of ATP  hardly  any  inorganic phosphate is l iberated after 
boi l ing for one minu te  at  pH 5, 4 or 3 : an o.ooi M solut ion of ATP, conta in ing  2 to 3 ~' 
inorganic  P per ml, was found to conta in  4 to 4.5 Y P per ml after  boil ing at  each of 
the afore-ment ioned pH values. Only  at pH 2 there was a slight increase of inorganic  P, 

to 8.5 7 per ml. 
Tha t  ATP is indeed pract ical ly un impa i red  by  this t r ea tmen t  could be confirmed 

by  apply ing  the myosin  test to samples of a solut ion of ATP before and  after boi l ing 
for one minu te  at pH 2.5. Before boil ing myosin  l iberated 49.5 7 P, as against  47 7 P 
from the same a m o u n t  of ATP  after boiling. 

So, cont ra ry  to the opinion general ly held, it is possible to boil a solut ion of ATP 
for one minu te  at acid reaction, provided the pH is no t  below 2.5. I t  now appeared 
feasible to ext ract  ATP from yeast  by boi l ing for one minu te  at  pH 2.5 to 3, as has been 
done for m a n y  years to prepare extracts  conta in ing  th iamine  pyroph0sphate  s. 

3. Experiments with yeast 

Extrac ts  of bakers '  yeast,  one ml of which corresponded to 50 mg yeast,  conta ined  
45 to 50 7 inorganic P per ml, and  3 ° to 80 7 labile P, bu t  were too di lute to provide 
clear-cut evidence of l iberat ion of phosphate  by  myosin  against  this high background 

of inorganic P. 
We therefore a t t empted  to concent ra te  ATP  from a larger volume of extract  and  

to get rid of the encumber ing  phosphate  background by  apply ing  the purification 
procedure employed in the prepara t ion  of ATPI :  precipi ta t ion  with Ba at  p H  8.2, 
followed by  precipi ta t ion with 50% ethanol  after dissolving the first precipi tate in 
o.I N HC1 and conversion of the ba r ium salt into the potass ium salt with K,SO, .  This 
worked quite  well with re la t ively concentra ted solutions of pure ATP (4 to 8 / ,M/ml ) ,  
of which at  most  lO% was lost by the t rea tment .  When  50 ml  of yeast  ext ract  (corre- 
sponding  to 5 g yeast) were thus  concent ra ted  to 5 ml, measurable  amount s  of P were 
spli t  off by  myos in  against  a low background of inorganic  P. 

However, the a m o u n t  of ATP  calculated to be present  in  the y e a s t - - l e s s  t han  
I izM/g fresh y e a s t - - s e e m e d  to be low, and  subsequent  recovery experiments ,  in which 
known small  amount s  of ATP were added to the yeast  extracts,  showed tha t  considerable 
losses of ATP occur (sometimes 60-70% in all), both in the first phase (precipi tat ion 
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with Ba) and in the second phase (precipitation with ethanol) of the concentration 
procedure. I t  also appeared to be impossible to recover pure ATP from dilute solutions 
(5/zM in 5o ml). 

This procedure was abandoned and the myosin test  was now applied at once to 
I ml of the most concentrated extracts which could be obtained directly from the yeast 
(4 ° m l  extract  from 5 g yeast). Notwithstanding the high background of inorganic P, 
marked and reproducible differences were found in P content between test and blank 
experiments, when the light absorption was measured with a sensitive instrument 
(Beckman spectrophotometer).  However, in recovery experiments the amount of in- 
organic P split off by  myosin from ATP added to the yeast  extract  was now much 
too high. 

This observation pointed to the presence of myokinase (adenylate kinase) in the 
yeast  extract, which is known to be thermostable, at least that  obtained from skeletal 
muscle. Indeed, more inorganic P was liberated from ADP in the presence of yeast 
extract  than from ADP alone (Table I). The myokinase was destroyed by heating the 
extract  for 4 minutes at 60 ° C with o.I % H202, according to COLOWlCK AND KALCKAR'S 
indications 15. Excess H ,02  was thereupon removed by  adding a drop of dilute laked 
blood (catalase). Now the amount  of P liberated from ADP by  myosin was the same, 
whether the yeast  extract  thus treated was present or not (Table I). 

T A B L E  I 

DECOMPOSITION OF ADP BY MYOSIN IN THE PRESENCE OF YEAST EXTRACT 
INFLUENCE OF TREATMENT OF EXTRACT TO REMOVE MYOKINASE 

P r e p a r a t i o n  o f  e x t r a c t :  see  t e x t ,  p .  124.  o .8  m l  = I 0 0  m g  y e a s t .  A = e x t r a c t  u s e d  a s  s u c h .  
B = e x t r a c t  t r e a t e d  w i t h  H 2 0 2  t o  r e m o v e  m y o k i n a s e  (see t e x t ,  p .  123).  R e s u l t s  e x p r e s s e d  i n  7 P 
i n  t o t a l  r e a c t i o n  m i x t u r e  o f  m y o s i n  t e s t .  

Exp. No. Substrate 

A. Untreated B. Treated 

, / P  liberated Difference ~ P liberated Difference 
by myosin 2-z by myosin 2-r 

I 0 .8  m l  e x t r a c t  + 0 .2  m l  H z O  5.5  5 .5  
2 0 .8  m l  e x t r a c t  + 0 .2  m l  A D P *  o . o i  M 21.  5 16.o  I 5 . 5  
3 0 .8  m l  H a O  + o .2  m l  A D P *  o . o i  M 9 .o  8.5 

IO.O 

* T h e  A D P  s t i l l  c o n t a i n e d  a l i t t l e  A T P  

The amount  of P split off by  myosin from ATP added to the treated yeast  extract  
was now IO to 2o% too low. I t  was considered likely that  this loss would be due to 
the inhibition of ATP-ase by  the large amounts of inorganic phosphate present in the 
yeast  extract. This has already been observed by BAILEY 1 and could be confirmed in 
tests in which o to 200 7 inorganic P (as N a , H P O  4) were added to I / z M  ATP: from 50 
to 200 y P an increasing inhibition of 4-5 to 15 % was observed. 

This inhibition of ATP-ase by  phosphate may  be either competit ive or it may  be 
tha t  ATP is adsorbed to the precipitate which is formed when calcium ions, required 
as activator,  are added to the test solution, and tha t  this adsorbed ATP cannot be 
decomposed by  the enzyme. When the calcium phosphate precipitate was removed by  
centrifuging before adding myosin, the amount of P split off was still less than in the 
presence of the precipitate, so ATP is indeed adsorbed to some extent, but  this adsorbed 
ATP is still par t ly  decomposed by myosin (Table II). 
Re[erences  p.  127.  
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T A B L E  II  

INFLUENCE OF REMOVAL OF CALCIUM PHOSPHATE PRECIPITATE UPON 
THE DECOMPOSITION OF ATP BY MYOSIN 

E x p e r i m e n t s  in dupl ica te .  Inorgan ic  P added  as N a 2 H P O  4. 5 a n d  6: s a m e  compos i t ion  as 3 a n d  4, 
b u t  double  vo lume .  All  t u b e s  in ice-water  for 3o m i n u t e s  before add ing  myos in .  Tubes  5 a n d  6 
cen t r i fuged  a n d  ha l f  v o l u m e  t r ans fe r r ed  to  new  tubes .  Myos in  now added  to  all tubes .  R e s u l t s  
expressed  in ~ P in to ta l  r eac t ion  m i x t u r e  of m y o s i n  tes t .  

~, P liberated 
Exp. No. Substrate Test Blank by myosin 

I} 
2 

4 

6 

1.2 /~M A T P  44 7 37 
45 7 38 

1 .2 /~M A T P  + IOO ~ P ;  p rec ip i ta te  p r e sen t  134 1°4 3o 
135.5 lO5.5 3 ° 

66 46 20 1 .2 /*M A T P  + IOO ~ P ;  p rec ip i t a te  r emoved  
66.5 47 19.5 

By adding less calcium the formation of a precipitate can be avoided. For yeast 
extract this was the case when o.I ml o.I M CaC12 was replaced by o.I ml o.o2 M CaC1 v 
This amount of calcium is still sufficient for maximal activation of ATP-ase. The recovery 
of added ATP is then still slightly too low (about IO%), so there must also be some 
other kind of inhibition of ATP-ase by inorganic phosphate in solution (Table III). 
However, we feel this may be neglected, as it is usually sufficient to know the content 
of ATP with lO% error. 

T A B L E  I I I  

INHIBITION OF ADENOSINETRIPHOSPHATASE (MYOSIN) BY INORGANIC PHOSPHATE 
IN THE pRESENCE OF LITTLE CALCIUM 

E x p e r i m e n t s  in dupl icate .  Ino rgan ic  P added  as  N a z H P O  ,.  o.I  ml  o.o2 M CaC11 added  in all 
cases.  No  ca lc ium p h o s p h a t e  precipi ta te .  R esu l t s  expressed  in 7 P in to t a l  reac t ion  m i x t u r e  of  
m y o s i n  tes t .  

Exp. No. Substrate Test Blank 
P l ~ d  by myosin 

Found Th~ore~at 

i } 1 . 2 / , M  A T P  43 6.5 36.5 37 
2 43 6.5 36.5 

43 } 1 . 2 / , M  A T P  + ioo  7 P 139.5138"5 lO7I°5"5 32.533 37 

The final procedure adopted for the determination of ATP in yeast is as follows: 
zo g of fresh, pressed yeast are washed three times on the centrifuge with zoo ml 

distilled water and suspended to a volume of 20 ml. zo ml of the suspension are pipetted 
into 25 ml boiling 0.08 N HC1. The mixture is boiled for one minute, cooled in running 
tap water for one minate,  and neutralized by adding approximately 3.4 ml zo% KOH. 
The volume is made up to 40 ml with water and the yeast residue is centrifuged down. 

References p. xz7. 
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IO ml of the clear yellow extract, of pH about 7, are heated for 4 minutes in a water  
ba th  of 60 ° after adding o.I  ml lO% H~Ov After cooling the excess H20  2 is removed 
b y  adding 0.05 ml of a twenty-fold dilution of fresh blood. The extract  is brought to 
p H  8.5 by  adding a drop of lO% K O H  and I ml is used in the myosin test, carried out as 
described on p. 122 with o.I ml 0.02 M CaC1 v To test  the ATP-ase act ivi ty of the myosin 
a known amount  of pure ATP is always assayed simultaneously with the yeast  extract.  

In this manner  ATP has been determined in several batches of fresh bakers '  yeast  
and also in flesh brewers'  yeast (Table IV). We find tha t  the content is usually about  
2/~M ATP per g fresh yeast.  With brewers'  yeast,  which contained slightly less inorganic 
phosphate, the recovery of added ATP was bet ter  than in the case of bakers '  yeast. 

T A B L E  IV 

DETERMINATION OF ATP IN YEASTS WITH MYOSIN ADENOSINETRIPHOSPHATASE 

For  p r e p a r a t i o n  a n d  t r e a t m e n t  of ex t r ac t s  see t ex t ,  p. 124. Resu l t s  expressed  in 7' P in to ta l  
r eac t ion  m i x t u r e  of  m y o s i n  t e s t ;  A T P  i n / ~ M  per  g f resh  yeas t .  Lib.  = >, P l ibera ted  b y  myos in .  

Sv~.~rate 

o .8  fn2 cxtraa o.8 ml ~xtma o.8 m~ HtO A T P  
Y~.st  o.g ral H |O o.a ml A T P  0.006 M o.# ml A T P  0.006 M 

T ~  Blank Lib. Test Blank Lib. Test Blank Lib. 

B a k e r s '  I 118.o 113.o 5.0 156.o 114.5 41.5 45.0 7.5 37.5 1.6 

B a k e r s '  I I  9o. 5 84.o 6. 5 126. 5 86.0 4o.5 44.5 7-5 37 .0 2.1 

B a k e r s '  I I I *  9o,o 84.5 5-5 126.o 86.5 39.5 45.5 8.o 37.5 1.8 
( same b a t c h  as II) 

Brewers '  I**  78.5 71.5 7.0 117. 5 72.5 44.0 45.0 8.0 37.0 2.3 

Brewers' II** 87.0 79.o 8.o 125. 5 83.o 42.5 44.5 9.o 35-5 2.6 

* d r y  m a t t e r :  27.2 % 
** d r y  m a t t e r :  21.6 % 

4. Determina2ion o /A  TP in blood 

Challenged by a paper  by  WOLFE AND PAYSANT is,  who determine ATP in blood by  
measuring acid-labile P and applying an empirical correction factor to discount hy- 
drolysis of other phosphate esters, we have applied our method to blood. 

Extrac ts  were made of 2 ml fresh blood in the manner  described for the determi- 
nation of thiamine pyrophosphate 8. Myokinase appeared to be absent, for the same 
amount  of phosphate was split off from added ATP by myosin, whether the extract  
was treated to remove myokinase or not. So this t reatment  could be omit ted and the 
myosin test  was directly applied to I ml extract  as described above. Recovery of added 
ATP was 93-98 %. The blood extracts contain much less inorganic phosphate than the 
yeast  extracts. A slight turbidi ty appears during the phosphate determination, but  this 
is not disturbing, as test  and blank samples display the same turbidity. 

Determinations in blood of a number  of human subjects, both male and female, 
indicate that  there is remarkably little variation in their ATP content, which lies 
between I.O and 1. 5 /zM ATP per ml blood (Table V). 

R e / e r e n c e s  p .  I 2 7 .  
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TABLE V 
D E T E R M I N A T I O N  O F  A T P  I N  B L O O D  W I T H  M Y O S I N  A 1 ) E N O S I N E T R I P H O S P H A T A ~ ; I :  

For preparation of extracts and other particulars, see text, p. 125. I ml extract corrosp(md< 
to 4/9 ml blood. Determinations in duplicate, including preparation of extracts. 

Subject Sex Test 
.No. 7 P 

t m 42.o 
4o.o 

2 * in 46.0 
48.5 

3 m 46.5 
48.o 

4 m 47.0 
49.0 

5 f 51.o 
51.o 

6 f 50.5 
51.5 

7 f 51.o 
48.5 

Blank " /P  liberated A T P  pM./ml 
",, P by myosin blood 

2 1 . O  2 1 . O  1 . 5  

~9.5 20.5 

2 7 . 0  1 9 . o  [ . 2  

27.o 21. 5 

28.0 18. 5 i. t 
30.0 18.o 

27. 5 19. 5 [.2 
2 9 . 0  2 0 . 0  

32.5 18.5 ~.i 
32.0 19.o 

32.0 18.5 l.~ 
33.5 18.o 

30.5 20. 5 1.2 
29.0 ~9.5 

" In exp. 2-7 the myosin used split off slightly more than I P per ATP; it has often beell 
observed that when preparations age, they first split off less P, and later more P than the theoretical 
value. Appropriate correction has been applied to calcnlate ATP from P liberated. 

D I S C U S S I O N  

The method  described here for the de te rmina t ion  of ATP in yeast  and  blood, 
a l though far from being ideal, is specific and  reasonably  accurate. Ten ta t ive  exper iments  
have shown tha t  i t  can also be applied to an imal  tissues. To avoid losses of ATP from 
these tissues by  the act ion of ATP-ase,  the animal  mus t  be killed by  severing the carotid 
ar te ry  under  complete anaesthesia,  and  the tissues mus t  be frozen in l iquid air, pulverized 
and  thrown into boil ing di lute HCI in  frozen statelL The exact s t rength  of the acid 
required to ob ta in  a pH of 2.5 to 3 (IO ml for each g of tissue), mus t  be determined 
by pre l iminary  exper iment .  

The high background of inorganic phosphate  in some materials,  as in yeast,  is a 
d isadvantage  for accurate measurement .  F rom numerous  experiments,  however, we 
have seen tha t  wi th  careful operat ion and  measurement  with a sensitive i n s t rumen t  
deviat ions of duplicates are not  more t han  I 7 P, which would seem to be sufficiently 
accurate. The method  of ext rac t ing  with boil ing di lute HC1 has the advantage  of 
pe rmi t t ing  direct enzymic assay wi th  myosin in the extract  thus obtained.  

Other  methods  of enzymic assay have also been tr ied out. Po ta to  apyrase, whether  
prepared according to KWAN HUA LEE AND EILER 18 or  KRISHNAN 1~, was not  sufficiently 
specific. Purified preparat ions  still  decomposed a l i t t le inorganic pyrophosphate,  and  
were, moreover, less active t h a n  myosin  in completely decomposing ATP. Thiamino-  
kinase, the enzyme tha t  forms th iaminepyrophospha te  (TPP) from th iamine  and  ATP, 
was no t  sat isfactory either. Manometr ic  measurement  of T P P  formed from small 
amount s  of ATP gave inconsis tent  results, and  with amounts  of ATP below 0. 4 .nM/o.8ml 
there was no clear-cut effect. 
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SUMMARY 

A method is described for the  determinat ion of ATP in yeast  and blood, in which use is made 
of the decomposit ion of ATP by  myosin adenosinetr iphosphatase.  

ATP is extracted wi thou t  in jury  by  one minute ' s  boiling at  p H  2.5 to 3. 
Yeast  extracts  contain myokinase.  To destroy this enzyme they  are t reated wi th  o.I  % H20 ~ 

at  6 o ° C  for 4 minutes  and excess H , O ,  is removed by  a drop of dilute laked blood. The myosin 
test  is then  applied to the t reated extract .  Blood extracts  do not  contain myokinase.  

Fresh pressed yeast  contains about  2 /~M ATP per g, h u m a n  blood contains 1-1. 5/~M ATP/ml.  

R~SUMt~ 

L ' au t eu r  d6crit une m6thode de d6terminat ion d 'ATP dans la levure et le sang; cette m6thode 
est bas6e sur  la d6composition de I 'ATP par  l 'ad~nosinetr iphosphatase de la myosine. 

L 'ATP est ext ra i t  A l '6tat  intact  par  ~bullition d 'une  minute  A un p H  de 2.5 A 3. 
Les extra i ts  de levure cont iennent  de la myokinase.  Pour  d6truire cet enzyme on trai te pendan t  

4 minutes  par  o.1% d 'H,Oz  A 60 °, puis  on d~truit l'exc~s d ' H , O  2 par  une gout te  de sang haemolys6 
dilu~. Le test  de myosine est ensuite appliqu6 ~. l 'extrai t  ainsi traitS. Les extrai ts  de sang ne con- 
t iennent  pas  de la myokinase.  

La levure press6e fraiche contient  environ 2/~M d 'ATP par  g, le sang humain  en contient  
1-1. 5 /~M par  ml. 

ZUSAMMENFASSUNG 

Line Methode zur Bes t immung  yon ATP in Here und Blut wird beschrieben. Sie griindet sich 
auf die Zersetzung yon ATP durch Myosin-Adenosintr iphosphatase.  

ATP wird unversehr t  dutch  Kochen wAhrend einer Minute bei p H  2.5- 3 extrahiert .  
Hefeextrakte  enthal ten  Myokinase. Zur Zerst6rung dieses Enzyms  werden sic 4 Minuten bei 6o ° 

mit  o.i  % H¢O 2 behandel t  und der ~berschuss  an H20 ~ mit  einem Tropfen verdfinnten hi~molysierten 
Blutes entfernt .  Mit dem behandel ten E x t r a k t  wird dann  der Myosintest  ausgeffihrt. Blutext rakte  
enthal ten keine Myokinase. 

Frische Presshefe enth~lt  ungefithr 2 /~M ATP pro g, menschliches Blut 1-1. 5 /zM ATP pro ml. 

R E F E R E N C E S  

1 K. BAILEY, Biochem. J., 45 (1949) 479- 
2 S. L. I~OWLES AND L. A. STOCKEN, Biochem. ].,  47 (195 o) 489 . 
3 H. M. KALCKAR, J .  Biol. Chem., 148 (1943) 127. 
4 E. P. STEYN FARVf~, Biochim. Biophys. Acta, 8 (1952) 31o. 
s H. M. KALCKAR, J .  Biol. Chem., 167 (1947) 445. 
s A. KORI~IBERG, J. Biol. Chem., 182 (195 o) 779. 
7 E. C. SLATER, Biochem. J., 5o (1951) vii. 
8 H.  G. K. WESTENBRINK AND E. P. STEYN PARV~, Int. Rev. Vitamin Res., 21 (195o) 461. 
9 E. P. STEYN PARV~ AND T. GERRITSEI~, Biochim. Biophys. Acta, 8 (1952) lO 4. 

10 T. GERRITSEN, Thesis, Ut rech t  1951. 
n A. L. DouI~cE, A. ROTHSTEIN, G. T. BEYER, R. MEIER AND R. M. FREER, J. Biol. Chem., i74 

(1948 ) 361. 
In K. LOHMANN, Biochem. Z., 282 (1935) lO9. 
18 H.  E. CARTER, Biochemical Preparations I,  p. i. New York, 1949. 
14 j .  B. SUMMER, Science, IOO (1944) 413 • 
15 S. P. COLOWICK AND H. M. KALCKAR, J. Biol. Chem., 148 (I943) 117. 
16 R. WOLFF AND P. PAYSANT, Bull. soc. chim. biol., 33 (1951) 1877. 
17 G .  A .  LEPAGE, in UMBREIT, B U R R I S  A N D  S T A U F F E R  : Manometric Techniques and Tissue Metabolism, 

2nd edition, p. 185. Minneapolis 1951. 
is KWAN HUA LEE AND J. J. EILER, Science, 114 (195i) 393. 
lg p.  S. KRISH~AN, ~4rch. Biochem., 20 (1949) 2{51, 272. 

R e c e i v e d  A u g u s t  9 th ,  I 9 5 2  


