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A progress ive  decrease  in a lka l ine  p h o s p h a t a s e  t h e r m o -  
s t a b i l i t y  w i t h  inc reas ing  p H  va lues  of t he  h o m o g e n i z i n g  
m e d i a  was shown.  I t  was  e v i d e n t  in  a l l  t h e  t i ssues  s tud ied  
(Figure  1). As seen f rom t he  figure,  bone  a n d  l iver  
a lka l ine  p h o s p h a t a s e  res is ted  b e t t e r  t h e  del i r ious  effects 
of increased  a lka l in i ty .  Af te r  on ly  3 ra in  a t  56~ a t  p H  9.0 
t he  i n t e s t i n a l  a lka l ine  p h o s p h a t a s e  showed  t he  lowest  
ac t iv i ty ,  as opposed to  t he  e n z y m e  in o the r  organs.  Th i s  
d i f ference was h igh ly  s ign i f i can t  (n = 10, p 0.001). 15 m i n  
a t  56~ a t  p H  10.3 resu l ted  in c o m p l e t e  i n a c t i v a t i o n  of 
a lka l ine  p h o s p h a t a s e s  in  all  t issues.  Thus ,  i t  appea r s  t h a t  
t he  e n z y m e  t h e r m o s t a b i l i t y  depends  u p o n  t he  cond i t ions  
of m e a s u r e m e n t .  A c o m p a r i s o n  of t i ssue  h o m o g e n a t e s  is 
compl i ca t ed  b y  t h e  fac t  t h a t  t he  degree of e n z y m e  p u r i t y  
affects  i ts  t h e r m o s t a b i l i t y .  As s h o w n  in F igure  2, t he  
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Fig. 2. Effect of dilution of tissue homogenates on susceptibility of 
alkaline phosphatases to inactivation by beat at 56~ 20% horao- 
genate in isotonic NaC1 was diluted by buffer at pH 7.4. All the 
activities were caIeulated for the initial (20%) homogenate. The resp. 
dilutions 1. 1:20; 2. 1:9; 3. 1:5; 4. 1:2. 

i n t e s t i n a l  a lka l ine  p h o s p h a t a s e  is more  t h e r m o s t a b l e  in  
more  c o n c e n t r a t e d  homogena te s .  Th i s  f inding,  wh ich  
requi res  f u r t h e r  s tudy ,  aga in  shows t he  i n t e r r e l a t i o n s h i p  
b e t w e e n  molecu la r  c o n f o r m a t i o n  a n d  pH,  ionic s t r e n g t h  ~ 
and  t h e  s t r u c t u r e  of m e m b r a n e s  of cellsl'2. 

The  decreased  t h e r m o s t a b i l i t y  of t i s sue  a lka l ine  phos-  
p h a t a s e s  in  a lka l ine  buffers  is cons iderab le  for  se lect ion 
of homogen i z ing  media .  Also t he  usua l  cond i t ions  for 
e s t i m a t i n g  a lka l ine  p h o s p h a t a s e  a c t i v i t y  (d i lu t ion  of a n  
enzyme,  h i g h  p H  va lues  a n d  t e m p e r a t u r e  of 37 ~ m a y  
well  h a v e  a n  i n a c t i v a t i n g  inf luence  on  t he  enzyme.  The  
p r ac t i c a l  i m p o r t a n c e  is d e m o n s t r a t e d  b y  t h e  fac t  t h a t  
on ly  80% of a c t i v i t y  of i n t e s t i n a l  a lka l ine  p h o s p h a t a s e  is 
p re se rved  a f t e r  60 m i n  of i n c u b a t i o n  a t  cond i t ions  used 
r o u t i n e l y  for t he  a c t i v i t y  e s t ima t ion ,  i.e. 37~ a n d  
c a r b o n a t e - b i c a r b o n a t e  buf fe r  a t  p H  9.8, even  w h e n  t he  
h o m o g e n a t e  was d i lu t ed  1 :2  (Figure  2). The  fac tors  
m e n t i o n e d  should  be  cons idered  for t he  i n t e r p r e t a t i o n  of 
t he  t h e r m o s t a b i l i t y  of a lka l ine  p h o s p h a t a s e ,  p a r t i c u l a r l y  
u n d e r  pa tho log ica l  condi t ions .  

Zusammentassung. Die H i t z e i n a k t i v i e r u n g  der  alkal i-  
s chen  P h o s p h a t a s e  in Darm- ,  Leber- ,  K n o c h e n -  u n d  
N i e r e n - H o m o g e n a t e n  der  R a t t e  e r h 6 h t  sich m i t  s te igen-  
den  p H - W e r t e n ,  was  Iiir die i ibl iche B e s t i m m u n g  der  
G e s a m t a k t i v i t X t  des E n z y m s  b e d e u t e n d  ist. 
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The Energetics of Frog Rectus Abdominis  Muscle Shortening under Isotonic Load 

There  is cons iderab le  d i s a g r e e m e n t  in  t he  l i t e r a tu re  as 
to  w h e t h e r  or n o t  t he  large f r ac t ion  of h e a t  l i be ra t i on  
d u r i n g  musc le  s h o r t e n i n g  is a c c o m p a n i e d  b y  a hydro lys i s  
of A T P  or p h o s p h o r y l c r e a t i n e .  P a r t i c u l a r l y  the  d a t a  of 
DAVIES e t  al. 1, ~, who  ana lyzed  t he  chemica l  changes  in 
frog rec tus  a b d o m i n i s  for  c o n s t a n t  a m o u n t s  of work  a n d  
shor ten ing ,  respec t ive ly ,  h a v e  been  q u o t e d  as ev idence  
for  a mere  co r re l a t ion  be t w een  m e c h a n i c a l  work  and  
chemica l  ene rgy  expend i tu re .  In  v iew of t he  i m p o r t a n c e  
of th i s  k i n d  of conclusions,  b o t h  h e a t  and  chemica l  
changes  h a v e  been  m e a s u r e d  u n d e r  s t e a d y  s t a t e  m e c h a n -  
ical  condi t ions ,  where  t he  resu l t s  are no t  a f fec ted  b y  
changes , in  t he  level  of ac t iva t ion .  

Af te r  d i ssec t ion  pa i red  rec tus  a b d o m i n i s  muscles  of 
Rana esculenta were k e p t  in  R inge r ' s  so lu t ion  c o n t a i n i n g  
1 m M  iodoace ta t e  :for 25 m i n  a t  20~ Th i s  was  fol lowed 
b y  f lush ing  w i t h  i o d o a c e t a t e - R i n g e r  gassed w i t h  5% 
CO S and  95% N~ a t  1~ for a n o t h e r  20 min.  The  f resh 
muscle  we igh t  was  o b t a i n e d  b y  hook i ng  t he  t e n d o n  on to  
a spr ing  ba lance .  The  i n d i v i d u a l  muscle  Weight (M) va r i ed  
b e t w e e n  165-180 mg. T he  muscles  were f ixed w i t h  Duco  
c e m e n t  o n t o  2 anodized  a l u m i n i u m  disks,  be ing  connec t ed  
to a l e n g t h  a n d  force t r a n s d u c e r  3. T he  in i t i a l  free muscle  
l e n g t h  a t  v e r y  s l igh t  ex tens ion  (10) va r i ed  b e t w e e n  

4.5-4.7 cm. I so ton ic  e x p e r i m e n t s  were car r ied  ou t  b y  
reduc ing  t he  m a x i m a l  i somet r i c  t ens ion  a t  1 0 + 4  m m  
(which  was  in i t i a l ly  deve loped  b y  each  muscle)  t h r o u g h  
qu ick  release to a level  equa l  to  a n y  chosen  e x t e r n a l  load, 
wh ich  in th i s  way  could be  set  a t  a wel l -def ined f r ac t ion  
of t he  i somet r ic  t ens ion .  Th i s  f r ac t iona l  load t h e n  cons t i -  
t u t e s  t he  new reference va lue  for t h e  se rvo-con t ro l  
m e c h a n i s m  of t h e  a p p a r a t u s  3. 

Fo r  t h e  h e a t  m e a s u r e m e n t s  a WlLKIE- type  i n t e g r a t i n g  
t h e r m o p i l e  4 was used, t he  sens iv i ty  of w h i c h  was in- 
creased b y  i n c o r p o r a t i n g  10 c h r o m e l - c o n s t a n t a n  j unc t ions .  
The  gas was 99% 0 2 a n d  1% CO S . The  t e m p e r a t u r e  was 
m a i n t a i n e d  a t  0~ in a D e w a r  cessel. The  two muscles  of 
t he  pa i r  were s t i m u l a t e d  s i m u l t a n e o u s l y  w i t h  supra -  
m a x i m a l  condenser  d ischarges  a t  a f r e q u e n c y  of 10 Hz.  

Chemica l  ana lyzes  h a v e  been  carr ied  o u t  in  para l l e l  
expe r imen t s ,  so as to  aIlow a r ap id  f reezing in i s o p e n t a n e  
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at  --150~ The changes  in phosphory lc rea t ine  (PC) and  
creat ine  (Cr) con ten t  were de te rmined  as descr ibed by  
GILBERT et al. 5. To provide  s ta t i s t ica l ly  secured average 
values  10 muscle  pairs  have  been  ana lyzed  b o t h  for 
t he rma l  and  chemical  changes  under  any  f rac t ional  load. 
For  sampl ing  the  populat ion,  only  muscles  have  been  
included which  could ma in t a in  an isometr ic  tens ion (P0) 
close to a mean  value of P010/M=1050 g-cm/g .  
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Fig. 1. Relation between totaI energy output and phosphorylcreatine 
breakdown in isotonic tetani. The heat recordings have been corrected 
for contributions from the stimulus heat and the thermoelastie heat 
transients upon quickly reducing the muscle tension to the value cor- 
responding to the chosen external load. Each of the points is the mean 
value of 10 experiments. As the relative standard errors of the mean 
are rather similar, they have been indicated by the cross bars only 
for characteristic points. The great accuracy of the mechanical appa- 
ratus allows one to set any fractional load to within 0.1% of the iso- 
metric tetanie tension (P0). To compare the large number of experi- 
ments all data have been normalized against the characteristic value 
of P0 obtained in any one experiment. 

To l imi t  the  cons idera t ions  of t he  energy  balance  to  t he  
s t eady  state,  b o t h  muscles of t he  pai r  were ini t ia l ly  
s t imu la t ed  te tan ica l ly  for 4 sec under  i sometr ic  condi t ions .  
At  th is  t ime  i of the  muscles  was frozen (not necessary  in 
the  t h e rma l  exper iments )  while the  o ther  was allowed to  
shor ten  f rom 10 -F 4 m m  to 10 --  8 m m  under  cons t an t  
load. The PC and  Cr co n t en t  of the  muscle  shor ten ing  
addi t iona l ly  by  12 m m  was compared  to  the  i sometr ic  
tw in  frozen at  t = 4 sec and  the  di f ference re la ted  to  
t he  a m o u n t  of work  and  extra-heaic p roduced  by  o ther  
muscle  pa i rs  shor ten ing  whi l s t  s t imula t ion  cont inued  for 
ano the r  0.6-3.5 sec. The 4 sec i sometr ic  muscle  represen ts  
an in te rna l  cont ro l  as in th is  way  the  results  are 
corrected for ini t ial  t r ans i en t  changes  s. The resul ts  
ob ta ined  w i t h  s t eady  s t a te  isotonic shor ten ings  a t  0~ 
(Figure) indica te  clearly t h a t  hea t  l ibera t ion  plus work  
are a lmos t  exac t ly  ba lanced  b y  a b r e a k d o w n  of phos-  
phorylcrea t ine .  The mean  quo t i en t  of 10.85 mea l  energy  
l ibera ted  as work  plus hea t  per  Fmole of PC spl i t  agrees 
closely w i th  t he  in vivo free e n t h a l p y  change of 11.0 kcal /  
mole for PC hydrolyses4.  

Zusammen/assung. In  paral le len E x p e r i m e n t e n  wur-  
den die W g r m e e n t w i c k l u n g  und  K r e a t i n p h o s h a t s p a l t u n g  
des M. rectus  abdomin i s  des Frosches  bet  ve rsch iedenen  
i so technischen Las ten  un te rsuch t .  Die Resu l t a t e  zeigen 
eine gute ~ b e r e i n s t i m m u n g  zwischen Gesamtenerg ieaus-  
gang (W~irme und  Arbeit)  und  chemischem Energiever -  
brauch.  
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Act iva t ion  P a r a m e t e r s  of the  N e r v e  I m p u l s e  C o n d u c t i o n  (II)  1 

The changes of membrane impedance ~ and the optical 
changes ~ 5 associated with nerve impulse propagation 
clearly indicate that, during the spread of excitation in 
the nerve fibres, some important structural changes in the 
axon membrane take place. On the other hand, an increas- 
ing amount of data show that on the cell membrane 
surface there are proteic or lipo-proteic functional sub- 
units. 

These two observations suggest that the spread of 
excitation along a nerve fibre is associated with the transi- 
tion of some (still) unknown kinds of membrane consti- 
tuents f rom a ' res t ing '  (R) to  an 'ac t ive '  (A) conformat ion.  
The aim of th is  paper  is to  in t roduce  and  to calculate  all 
t he  ac t iva t ion  pa rame te r s  of t he  t r ans i t ion  R -+ A, t h a t  is, 
the  ac t iva t ion  pa rame te r s  of nerve  impulse  propagat ion .  
The procedure  used in the  previous  communica t ion  1 
allowed the  c o m p u t a t i o n  of only the  ac t iva t ion  energy 
and  en tha lpy .  

In  connect ion  wi th  the  p rob lem analyzed here, we have  
to men t ion  some very  promis ing  a t t e m p t s  to  describe the  
conduc tance  changes  in exc i tab le  m e m b r a n e s  in t e rms  of 
Ey r ing  ra te  theory6-K But,  while these  s tudies  refer to 
ionic f luxes which  cross the  m e m b r a n e  dur ing  the  act ion 
potent ia l ,  we calculate here the  ac t iva t ion  pa rame te r s  of 

the entire assembly of physico-chemical processes in which 
the nerve impulse consists, by referring to the rate limiting 
step of the spread of excitation. It is noteworthy that, even 
if the starting point in the definition of the activation 
parameters of nervous conduction is a purely phenomeno- 
lological one, their knowledge gives useful information 
about the molecular mechanisms involved. 

Theory. Let us consider that the membrane components, 
the hypothetical subunits, undergoing the transition 
R -+ A, are uniformly distributed Oil the membrane with a 
surface density n. The rate of the 'reaction' represented by 
this transition is: V = ~-(ds/dt), ds being the membrane 
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