
VOL. 9 (1952) BIOCHII~ICA ET BIOPHYSICA AcTA 133 

T H E  E F F E C T S  OF S U L P H Y D R Y L  R E A G E N T S  ON G L Y C O L Y S I S  

I N  MUSCLE H O M O G E N A T E S  
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I t  is a common observation tha t  freshly excised muscle gives rise on mincing to a 
viscous paste from which no juice can be immediately expressed, but  after a brief interval 
fluid can be removed by simple hand pressure. The change is not due entirely to a fall 
in pH, which may  be quite small. The phenomenon bears a resemblance to changes oc- 
curring in intact  muscle, which becomes moist and in some cases exudes fluid during the 
rapid phase of the onset of rigor mortis 1. 

These changes are also of great interest in relation to experiments on "model"  fibres 
- -  the actomyosin thread (SZENT-GYoRGYI 2) and the glycerol-treated intact  fibre. 
I t  is difficult, however suggestive the behaviour of these systems, to accept them un- 
reservedly as true models as they lack many  of the components of muscle and much of 
its fibrillar organisation. The homogenate, on the other hand, consisting of short pieces 
of highly organised fibre, allows physical and chemical changes to be followed simulta- 
neously, permits the introduction and removal of components, and is amenable to quali- 
ta t ive and semi-quanti tat ive measurements of fibre volume, fibre length, and synaeresis. 

This investigation was begun with the main object of relating volume changes in 
the fibres to changes in the adenosine tr iphosphate (ATP) content of the system, since 
all current research emphasises the importance of ATP in modifying the state of the 
contractile substance. I t  was hoped, when the work was commenced, to extend the 
time-scale of the changes by arresting the enzymic breakdown of ATP with - S H  rea- 
gents, which inhibit the ATP-ase act ivi ty of isolated myosin (SINGER AND BARRON~). 
The same reagents were shown by BAILEY AND PERRY 5 to affect the ATP-ase activity 
and the actomyosin-forming ability of myosin in parallel fashion. Our object was de- 
feated, however, par t ly  because the reagents were not altogether effective in inhibiting 
the ATP-ase of the whole homogenate, and par t ly  because the glycolytic resynthesis of 
ATP was also arrested, the overall effect being to shorten rather  than extend the interval 
during which ATP was present in appreciable concentration. However, the effects of the 
inhibitors on various enzymes and on the accumulation of certain phosphate esters 

* Present  address:  Dominion Laboratory ,  D e p a r t m e n t  of Scientific and Indus t r ia l  Research, 
Wellington,  New Zealand. 
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seemed a s tudy of sufficient interest in itself. The original aims of the investigation were 
pursued by a different technique in tile absence of - S H  reagents, and are reported in the 
paper which follows 6. 

EXPERIMENTAL 
Materials 

The psoas major  nmscles of the rabbi t  were used. To obta in  material  of fairly uniform phospha te  
ester content,  glycogen content ,  and initial p H  from one animal  to another,  the rabbi t s  were well 
fed on oats  and cabbage for some days before death, and were killed by  decapitat ion after about  
th i r ty  minutes '  complete relaxat ion of the muscula ture  had been secured by  in t ravenous  or intra-  
peri toneal  injections of myanes in  (BATE-SMITH AND BENDALL2). 

p-Chloromercuribenzoic acid and chloroacetophenone were prepared by  the methods  described 
b y  GILMAN s, o-iodosobenzoic acid by the method of ASKENASY AND MEYER 9, and chloroiodosofumaric 
acid as described by  THIELE AND PETER 10. Solutions of the reagents  in water  were adjus ted before 
use to p H  7.0 wi th  NaOH.  

Technique 
Five samples of muscle, each of 1-2 g, were taken within a few minutes  of the death of the 

animal.  One was homogenized immedia te ly  in ice-cold lO% (w/v) trichloroacetic acid (TCA), using 
tile appara tus  of MARSH AND SNOW 11, while the remaining four were homogenized for exact ly  one 
minu te  each in io ml of the inhibi tor  solution. TCA was added to these af ter  intervals  of 3, IO, 3 ° 
and 60 minutes .  The extracts ,  after  removal  of the precipi ta ted prote ins  by  filtration, were neutral ised 
to p H  7 wi th  2 N N a O H  and kept  a t  o °. 

p H  measurements  (glass electrode) were made at  intervals  on t ha t  por t ion of the homogenate  
which was to be deproteinized after  6o minutes,  commencing  immedia te ly  after  prepara t ion  of the 
brei and ending jus t  prior to addi t ion to TCA. The u l t imate  p H  (the pFI in full rigor) was determined 
on another  sample  of muscle left a t  o ° for 24 hours.  All exper iments  were performed at  room temper-  
ature.  

Phosphate ester analysis 
Inorganic  phospha te  was determined by  the  method of ALLEN TM. Phospha te  esters were hy- 

drolysed by  the procedures described below and es t imated  by  the same method.  
Creatine phospha te  was determined as inorganic P af ter  s tanding  for 36 minutes  at  17 ° in 

the perchloric ac id -ammonium molybdate  reagent  (method of EGGLETON AND EGGLETON la aS modified 
by  J.  R. BENDALL (private communicat ion)) .  

Acid-labile P was es t imated by  hydrolys ing  for io minutes  in N HC1 at  IOO °. The inorganic P 
thus  obtained includes the acid-labile P of ATP, the  P of creatine phosphate ,  and pa r t  of t ha t  of 
hexose d iphosphate  and triose phosphate .  Al though the amoun t s  of these two la t ter  esters in muscle 
are normal ly  small,  thei r  concentra t ions  m a y  be great ly  increased in the presence of inhibitors, and 
accurate methods  for their  es t imat ion are essential. Their  de terminat ion  by alkaline hydrolysis  was 
found to be both  quicker and more accurate than  by  ba r ium salt separation. 

The triose phospha tes  undergo complete hydrolys is  in N N a O H  at  17 ° in twen ty  minutes,  
and 57% of the P is mineralized in ten  minutes  in N HC1 a t  ioo°  (MEYERHOF AND LOHMANN14). 
Thus  a correction m a y  be applied to the acid-labile P to allow for par t ia l  hydrolysis  of triose phosphate .  

Hexose d iphosphate  is completely hydrolysed,  together  wi th  the triose phosphates ,  by  0.2 N 
N a O H  in three minutes  at  lOO% and 37% of the ester is hydrolysed in ten  minutes  in N HC1 at IOO ° 
(MACLEOD AND ROBISONI~). A fur ther  correction may  therefore be applied to the acid-labile P content  
to al low for part ial  mineralization of this  ester dur ing acid t rea tment .  Alkaline hydrolysis  does not  
convert  either ATP or creatine phospha te  to inorganic or thophosphate .  

Total  acid-soluble phospha te  was es t imated  as inorganic phosphorus  after three hours '  digestion 
in perchloric acid. 

The difference between tota l  phospha te  and the  sum of the five fract ions es t imated  ("un- 
identified P")  p re sumab ly  consists largely of the phosphorus  of adenylic acid or its de-aminated 
derivative inosinic acid, and also of such difficultly-hydrolysed esters as glucose-6-phosphate and 
fructose-6-phosphate.  

Phosphate  ester analyses are quoted as percent  of total  acid-soluble phosphorus,  which for 
rabbi t  muscle is a lways about  2.0 mg/g (BENDALL16). 

R E S U L T S  

Standardization o/ material 
BATE-SMITH AND BENDALL 17 have drawn attention to the high initial pH values of 

muscles from myanesin-treated rabbits. Table I extends their results by illustrating the 

Re[erences p. 14o. 



VOL. 9 (1952) GLYCOLYSIS IN MUSCLE HOMOGENATES 135 

r e m a r k a b l y  c o n s i s t e n t  m a t e r i a l  w h i c h  m a y  b e  o b t a i n e d  b y  a m p l e  f e e d i n g  a n d  r e l a x a t i o n  
b e f o r e  d e a t h .  

TABLE I 
INITIAL PHOSPHATE ESTER CONTENT AND pI~ OF THE PSOAS MUSCLES 

OF WELL-FED, MY.~NESIN-TREATED RABBITS 
(P fractions as % of the total  acid-soluble phosphorus ; 

mean of seven animals  in each case) 

Initial pH* 7.02 ~ 0.07 
Ultimate pH** 6.Ol ± o.15 

Phosphorus of 
Inorganic phosphate  14 ± 4 
Creatine phosphate  32 ± 5 
ATP 21 _4= 2 
tiexose diphosphate 6 ± 2 
Triose phosphate  2 ± 
Unidentified phosphate  25 ± 4 

* The pI-I within a few minutes  of death. 
* * The pH in full rigor, 24 hours post mortem. 

Control 

I t  p r o v e d  i m p r a c t i c a b l e  t o  p e r f o r m  c o m p l e t e  c o n t r o l  e x p e r i m e n t s  a t  t h e  s a m e  t i m e  

as  t h e  i n h i b i t i o n  e x p e r i m e n t s ,  b u t  t h e  s m a l l  v a r i a t i o n  f r o m  o n e  a n i m a l  to  a n o t h e r  as 

s h o w n  i n  T a b l e  I ,  a n d  t h e  u n i f o r m  d e g r e e  of h o m o g e n i z i n g  p r o d u c e d  in  e a c h  s a m p l e ,  

m a d e  t h i s  u n n e c e s s a r y .  T a b l e  I I ,  s h o w i n g  t h e  ef fec t  of  h o m o g e n i z i n g  f r e s h  m u s c l e  in  

w a t e r ,  m a y  b e  c o n s i d e r e d  as  a c o n t r o l  for  i n h i b i t i o n  e x p e r i m e n t s .  T h e  t e m p o r a r y  aCCU- 

TABLE II  
GLYCOLYSIS IN HOMOGENATES OF MUSCLE IN WATER 

(P fractions as ~o of to ta l  acid-soluble phosphorus) 

Min a/ler preparation o 3 io 3 ° 6o 
pH 7.o8 6.8o 6.32 6.o 5 6.o 4 

Phosphorus of 
Inorganic phosphate  18 26 42 69 75 
Creatine phosphate  29 2 o o o 
ATP 23 9 4 o o 
Hexose diphosphate 5 32 15 3 2 
Triose phosphate  2 5 6 5 5 
Unidentified phosphate  23 26 33 23 18 

m u l a t i o n  of h e x o s e  d i p h o s p h a t e  c o u l d  a l w a y s  b e  c o n f i r m e d ;  i t s  c o n c e n t r a t i o n  a t t a i n e d  

a m a x i m u m  a b o u t  3 - 4  m i n u t e s  a f t e r  p r e p a r a t i o n  of t h e  b r e i  a n d  was  n o t  a c c o m p a n i e d  

b y  a c o m p a r a b l e  r i se  in  t r i o s e  p h o s p h a t e .  I t  s e e m s  l i ke ly  t h a t  t h e  a l d o l a s e  is t e m p o r a r i l y  

s a t u r a t e d ,  a n d  m u s t  t h e r e f o r e  c o n t r o l  t h e  r a t e  of a c i d  p r o d u c t i o n .  Th i s ,  n e v e r t h e l e s s ,  is 

v e r y  h i g h .  T h e  i n i t i a l  r a t e  of  d e c r e a s e  of  p H  is a b o u t  o.x u n i t / r a i n ,  c o m p a r e d  w i t h  t h a t  

of o .oo 7 u n i t / m i n  w h e n  m u s c l e  is h o m o g e n i z e d  in  o .16 M KC1 ( u n p u b l i s h e d  o b s e r v a t i o n ) ,  
a n d  0 .002 u n i t / m i n  i n  i n t a c t ,  e x c i s e d  m u s c l e  a t  17 ° (BATE-SMITH AND BENDALL17). 

o-Iodosobenzoate 

T h i s  o x i d a n t  w a s  f o u n d  b y  SINGER AND BARRON 4 to  b e  a n  e f fec t ive  i n h i b i t o r  of 
m y o s i n  A T P - a s e :  a n  i n h i b i t i o n  of 8 o %  m a y  b e  c a u s e d  b y  a c o n c e n t r a t i o n  of 8 . 1 o  -5 
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mmol . /mg  myos in  (BAILEY AND P E R R y 5 ) .  I t s  effect on the  nmscle  homogena te  is g iven 
in Table  I I I .  Acid p roduc t ion  is p r e v e n t e d  af te r  a de lay  of a t  least  3 ° minu tes  and  the 
decompos i t ion  of creat ine  phospha t e  is a r res ted  in the  same per iod.  The  accumula t ion  
of hexose d iphospha t e  and  tr iose phospha t e  ind ica tes  t ha t  some enzyme componen t ,  
poss ib ly  t r iose phospha te  dehydrogenase ,  has been inac t iva ted ,  though  this is a re la t ive-  
ly  slow process as i nd i ca t ed  b y  the  de layed  ar res t  in acid  product ion .  

Assuming  t h a t  be tween  30 and  60 minu tes  the  a ldolase- isomerase  sys tem is in 

TABLE III 

EFFECT OF 0-10DOSOBENZOATE ON GLYCOLYSlS IN A MUSCLE HO~OG~NATE 
(P fractions as % of total acid-sohble phosphorus) 

d~Iin in 0,004 3~ reagent o 3 io 3 ° 60 
pH 7.02 6.88 6.76 6.67 6.64 

Phosphorus of 
Inorganic phosphate 12 15 15 18 17 
Creatine phosphate 33 31 28 23 22 
ATP 2o I o o o 
Hexose diphosphate 6 15 19 19 19 
Triose phosphate 2 7 9 9 9 
Unidentified phosphate 27 31 29 31 33 

equi l ibr ium,  the  a m o u n t  of t r iose phospha t e  re la t ive  to hexose d iphospha t e  can be cal- 
cula ted.  The  equi l ib r ium cons tan t  for a ldolase  at  I8  °, e x t r a p o l a t e d  f rom the  d a t a  of 
HERBERT, GORDON, SUBRAFIMANYAN AND GREEN TM, is 2 .7 .10-5;  t h a t  for i somerase  
(~dihydroxyace tone  p h o s p h a t e l / [ g l y c e r a l d e h y d e  phosphateS) is 20-25 (MEYERHOF AND 
JUNOWlCZ-Koc~IOLATY~9). F o r  a hexose  d iphospha t e  concen t ra t ion  cor responding  to 
19% of the  to ta l  ac id-soluble  P (Table III), the  a m o u n t  of t r iose phospha te  P should  
a m o u n t  to 7% aga ins t  9% found. F o r  lower  concen t ra t ions  of hexose d iphospha te  
(e.g.Table V), the  t r iose found is lower t han  t h a t  ca lcula ted ,  while in Table  I I  (30 and  60 
minu te s  analyses)  i t  is h igher ;  bu t  wi th  such low conten t s  of these esters,  the  es t imat ions  
of which depend  on difference methods ,  i t  is h a r d l y  possible to expec t  the  expe r imen ta l  
resul ts  a lways  to  sa t i s fy  the  s tern  tes t  imposed  b y  app l i ca t ion  of equi l ib r ium cons tan ts .  

Chloro iodoso /umara te  

F i r s t  syn thes i sed  b y  THIELE AND P E T E R  la ,  this  c o m p o u n d  has not  so far  been used 
as an inhib i tor ,  and  was t e s ted  in the  hope t h a t  i t  would  pene t r a t e  in to  the  fibres more  
qu ick ly  t han  o- iodosobenzoate .  I t  was found  to be more  efficient in a r res t ing  the  fall  in 
pH,  b u t  less effective as an inh ib i to r  of the  L o h m a n n  enzyme (Table IV). 

TABLE IV 
tEFFJECT OF Ct lLOROIODOSOFUMARATE ON GLYCOLYSIS IN A MUSCLE nOMOGENATG 

(P fractions as % of total acid-soluble phosphorus) 

Min  in 0.o04 ~//reagent o 3 io 30 60 
pi4 6.93 6.70 6.63 6.63 6.63 

P h o s p h o r u s  of 
I n o r g a n i c  p h o s p h a t e  13 20 2 t  24 24 
C r e a t i n e  p h o s p h a t e  39 3 ° 24 18 I2  
A T P  19 o o o o 
H e x o s e  d i p h o s p h a t e  6 15 20 26 24 
T r i o s e  p h o s p h a t e  3 4 5 5 8 
U n i d e n t i f i e d  p h o s p h a t e  20 31 30 27 32 
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C hlor oacetop henone  

This l a c h r y m a t o r  is a powerful  inhibi tor  of several  enzymes  (MACKWORTH2°), bu t  

like o ther  a lky la t ing  reagents  5, 21 i t  reacts  only slowly with  myosin  - S H  groups. Al though  

TABLE V 
EFFI~CT OF CHLOROACETOPHENONE ON GLYCOLYSIS IN A MUSCLE ttOMOGENATE 

(P fractions as % of total acid-soluble phosphorus) 

M i n  in 0.003 M reagent o 3 io 3 ° 60 
pH 7.06 6.93 6.65 6.40 6.38 

Phosphorus of 
Inorganic phosphate 16 35 46 53 57 
Creatine phosphate 29 9 9 8 7 
ATP 21 22 9 2 o 
Hexose diphosphate 9 8 7 io 7 
Triose phosphate 2 I 2 2 2 
Unidentified phosphate 23 25 27 25 27 

in the present  sys tem the  LOHMANN enzyme was inac t iva t ed  af ter  a sl ight delay (Table V), 

A T P  could still  be de tec ted  af ter  30 minu tes ;  the appreciable  decrease in pH  during this 
in terval ,  however ,  indicates  t h a t  g lycolyt ic  resynthesis  of ATP was proceeding rapidly.  

p-C hlor omer cur ibenzoate  

This  reagent ,  which funct ions  by v i r tue  of the great  affinity of thiol  groups for 

h e a v y  metals ,  has been used in the  charac ter i sa t ion  of - S H  enzymes  (BARRON AND 
SINGER22), and revers ibly  inhibi ts  myosin  ATP-ase  by at  least  95 % at  a concent ra t ion  
of 2-10 .4 M 5. On the homogena te  i t  inhibi ts  the  L o h m a n n  enzyme immed ia t e ly  and 

comple te ly  (Table VI),  and arrests  the  fall in p H  within  ten minu tes ;  this l a t t e r  effect is 

due pr imar i ly  to its act ion on aldolase, the  hexose d iphosphate  remaining  high and the 

TABLE VI 
EFFECT OF p-CHLOROMERCURIBtgNZOATE ON GLYCOLYSIS IN A MUSCLE HOMOGENATE 

(P fractions as ~o of total acid-soluble phosphorus) 

Min  in o.oo4 M reagent o 3 lO 30 6o 
pH 6.93 6.85 6.78 6.78 6.78 

Phosphorus of 
Inorganic phosphate i i 12 16 20 18 
Creatine phosphate 27 26 26 26 25 
ATP 21 16 3 o o 
Hexose diphosphate 7 13 19 19 19 
Triose phosphate 3 2 2 2 3 
Unidentified phosphate 31 31 34 33 35 

triose phospha te  low. HERBERT 6t al. is noted  the inh ib i tory  effect of heavy  meta ls  on 
aldolase. 

A reagent  which inhibi ts  bo th  the  LOHMANN enzyme and aldolase (or tr iose phos- 
pha te  dehydrogenase)  in whole muscle would be of par t icular  interest ,  since i t  could 
p reven t  comple te ly  the resynthesis  of A T P ;  changes of A T P  conten t  dur ing ac t iv i ty  of 
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the intact  excised muscle might then be correlated directly with mechanical events. 
Perfusions of the psoas muscle immediately post-mortem were carried out by Prof. 
R. GARCIA without achieving the desired result. I t  is quite probable that  the reagent 
does not pass into the intact  fibre. 

DISCUSSION 

I t  is possible to calculate indirectly how much ATP is decomposed by enzymic 
hydrolysis in the systems studied above, and thus to gain information on the effects of 
the inhibitors on ATP-ase activity. ATP is removed from the system both by direct 
enzymic dephosphorylation and by phosphate transfer to hexose monophosphate,  and 
is added from creatine phosphate and by  glycolytic resynthesis. The contribution of the 
lat ter  can be calculated from the observed fall in pH in the following manner.  

The buffering power of muscle over the pH range 7-6 is about 6-lO -5 equivalents 
acid per g muscle (BATE-SMITHla), and the formation of I tool lactic acid is accompanied 
by the production of I ~ - 2  tools labile phosphate (LIPMANN2~). From these data it may  
be calculated that  a pH decrease of one unit is accompanied by the resynthesis of about 
3.2 mg ATP-P. Only one phosphate of hexose diphosphate is derived directly from ATP, 
and thus only one half of the increase of this ester and of triose phosphate is derived 
from direct transfer. We thus obtain the following relation: 

[ATP decomposed by ATP-ase] = [ATP present at commencement] 
+ [ATP synthesised by  glycolysis] 
+ [ATP derived from creatine phosphate] 
--½[increase of hexose diphosphate + triose 

phosphate] 
- -  [ATP undecomposed] 

In Table VI I  are collected the changes occurring in the first three minutes after homo- 
genizing, taken from Tables I I - V I  inclusive; the results provide a measure of the relative 
rates of ATP decomposition by  ATP-ase action. The most effective inhibitor of ATP-ase 
in the system is p-chloromercuribenzoate (almost 8o% inhibition), followed by iodoso- 

T A B L E  V I I  

ATP REMOVAL FROM HOMOGENATES IN PRESENCE OF INHIBITORS 

(Di f f e rences  d u r i n g  f i rs t  3 m i n  as  °/o of  t o t a l  a c i d - s o l u b l e  p h o s p h o r u s )  

No 0,004 34 0,004 M 0,004 M 0,003 M 
iodoso- chloroiodoso- chloromereuri- chloroaceto- 

inhibilor benzoate /umar  ate benzoale p henone 

p H d e c r e a s e  0.28 o.14 0.23 0.08 o . I 3  

a .  A T P - P  r e s y n t h e s i s  45 
b.  A T P - P  d e c r e a s e  14 
c. C r e a t i n e  p h o s p h a t e  P d e c r e a s e  27 
d. H e x o s e  d i p h o s p h a t e  P i n c r e a s e  27 
e. T r i o s e  p h o s p h a t e  P i n c r e a s e  3 
A T P  b r e a k d o w n  b y  A T P - a s e  7 I 

(i.e. aq-b+c- -~(d+e) )  
Inhibition of ATP-ase (%) o 

22 37 13 2 I  
I9  I9  5 - - I  

2 9 1 20 
9 9 6 - - I  

5 I - - i  --I 

36 60 I6V~ 41 

49 I5  77 4 2 
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b e n z o a t e  (5o°./o) c h l o r o a c e t o p h e n o n e  (4o%) a n d  c h l o r o i o d o s o f u m a r a t e  (15%).  T h e  inhi -  
b i t o r  c o n c e n t r a t i o n s  used  he re  were  m u c h  h i g h e r  t h a n  t hose  r e q u i r e d  for  t h e  i n h i b i t i o n  

of i so l a t ed  m y o s i n  A T P - a s e  (see BAILEY AND PERRY 5) ; th i s  is n o t  su rp r i s ing  s ince m a n y  
p ro t e in s  are  c o m p e t i n g  for  t he  r eagen t s .  Moreove r ,  t h e  i n h i b i t i o n s  a re  r e c o r d e d  i m m e d i a -  

t e ly  a f t e r  a d d i t i o n  of r eagen t ,  a n d  n o t  a f t e r  p r e v i o u s  i n c u b a t i o n  in absence  of subs t r a t e .  

T h e  c o m p l e t e  a n d  i m m e d i a t e  i n h i b i t i o n  of c r e a t i n e  p h o s p h o k i n a s e ,  t h e  LOHMANN 
e n z y m e ,  b y  p - c h l o r o m e r c u r i b e n z o a t e  conf i rms  ea r l i e r  sugges t ions  (LEKMANN AND 
POLLAK25; BAILEY AND PERRY 5) t h a t  th i s  e n z y m e  is of - S H  c h a r a c t e r .  N e i t h e r  th is  

r e a g e n t  no r  c h l o r o a c e t o p h e n o n e  i n h i b i t e d  t r iose  p h o s p h a t e  d e h y d r o g e n a s e  as e f f ec t ive ly  
as i o d o a c e t a t e ,  w h i c h  was  f o u n d  ( u n p u b l i s h e d  obse rva t i ons )  to  i n a c t i v a t e  t h i s  e n z y m e  

c o m p l e t e l y  in o . o o i  M c o n c e n t r a t i o n .  I n  t h e  case  of a ldolase ,  o x i d a n t s  a n d  a l k y l a t i n g  
r e a g e n t s  h a v e  l i t t l e  effect  (see also HERBERT et al. is; MACKWORTHZ0), b u t  p - c h l o r o m e r -  
c u r i b e n z o a t e ,  in c o m m o n  w i t h  o t h e r  h e a v y  m e t a l  i nh ib i to r s ,  causes  c o m p l e t e  i n a c t i v a t i o n .  

T h e  a u t h o r s  a re  g r a t e f u l  to  Mr J .  R .  BENDALL, w h o  i n j e c t e d  w i t h  m y a n e s i n  t h e  

r a b b i t s  u sed  in  th i s  work ,  a n d  to  Prof .  R .  GARCIA, of I n s t i t u t o  de  T e r a p e u t i c a ,  M o n t e -  
v ideo ,  w h o  ca r r i ed  o u t  t h e  per fus ions .  

So far  as one  of us  (B.B.M.) is conce rned ,  t h e  w o r k  d e s c r i b e d  in th i s  p a p e r  was  ca r r i ed  

o u t  as p a r t  of  t h e  p r o g r a m m e  of t h e  F o o d  I n v e s t i g a t i o n  O r g a h i s a t i o n  of t h e  D e p a r t m e n t  
of  Sc ien t i f i c  a n d  I n d u s t r i a l  R e s e a r c h .  

SUMMARY 

I. The effects of several enzyme inhibitors on glycogenolysis in homogenates of whole muscle 
have been examined by studying the accumulation of phosphate esters. 

2. Of the four inhibitors used--o-iodosobenzoate, ehloroiodosofumarate, chloroacetophenone 
and p-chloromercuribenzoate--the last-named caused a complete and immediate inhibition of the 
LOHMANN enzyme ; it also inhibited aldolase. The other inhibitors were less effective on the LOHMANN 
enzyme and in arrest ing production of lactic acid. 

3. The hydrolysis of ATP by ATP-ase was assessed indirectly. All reagents produced some 
inhibition, and p-chloromercuribenzoate most, 

Rt~SUM~ 

i. En 6tudiant l 'accumulation des esters phosphatiques on a examin6 les effets de quelques 
inhibiteurs des enzymes glycolytiques dans le muscle homog6n6is6. 

2. Le p-chloromercuribenzoate accomplit l ' inhibition imm6diate et complete de l 'enzyme de 
LOHMANN et de l'aldolase. Les autres r6actifs --l 'ododosobenzoate, le chloroiodosofumarate et la 
chloroac6tophenone - -  inhibent moins fortement ces deux enzymes. 

3- L'hydrolyse de I 'ATP par l'ATP-ase, 6valu6e indirectement, est inhib6e par tous les r6actifs, 
parmi lesquels le p-chloromercuribenzoate est le plus efficace. 

ZUSAMMENFASSUNG 

i. Die WTirkung verschiedener HemmstoKe der glycolytischen Enzyme in Muskelhomogenaten 
wurde durch Bestimmung der Anh~iufung yon Phosphatestern untersucht. 

2. Von den vier angewendeten Ylemmstof fen -  o-Jodosobenzoat, Chlorjodosofumarat, Chlor- 
acetophenon und p-Chlormercuribenzoat - -  bewirkte letzterer eine vollst/indige und sofortige Hem- 
mung des Lohmann-Enzyms; er hemmte auch die Aldolase. Die anderen Hemmstoffe waren weniger 
wirksam und zwar sowohl gegeniiber dem LOHMANN-Enzym als gegeniiber der Milchsiiurebildung. 

3. Die Hydrolyse yon ATP durch ATP-ase wurde indirekt bestimmt. Alle Reagentien bewirkten 
eine gewisse Hemmung, p-Chlormercuribenzoat die st~rkste, 
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