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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 

i The first communication in this series is: D.-G. MXRGINEANU and 
I. MXRGINEANU, Experientia 27, 1285 (1971). 

2 K. S. COLE and H. J. CURTIS, J. Gem Physiol. 22, 649 (1939). 
3 L. B. COHEN, !:~. D. I~EYNES and B. HILLE, Nature 278, 438 (1968). 
4 I. TASAKI, A. WATANABE, R. SANDLIN and L. CARNAY, Proc. natn. 

Acad. Sci., USA 61, 883 (1968). 
5 G. N. B E R E S T O V S K Y ,  ~E. A. LIBERNAN, V. Z. LUNEVSKY and G. M. 

FRANK, ]3iofizika 75, 62 (1970). 
6 R. W. TSlEN and D. NOBLE, J. Membrane Biol. 7, 248 (1969). 

J. YV. WOODBURV, Adv. chem. Physics 27, 601 (1971). 
s G. RoY, J. Membrane Biol. 6, 329 (1971). 



15. 11. 1972 Speeialia 1287 

su r f ace  on  w h i c h  e x c i t a t i o n  s p r e a d s  in  a t i m e  i n t e r v a l  dr. 
F o r  a n e r v e  f ib re  w i t h  a d i a m e t e r  D,  i t  is o b v i o u s  t h a t :  
ds = ~ .D .  dl, w h e r e  dl is t h e  l i nea r  d i s t a n c e  c o v e r e d  b y  ex -  
c i t a t i o n  in  t h e  t i m e  i n t e r v a l  dt. As:  dl/dt ~ 0 is t h e  c o n d u c -  
t i o n  v e l o c i t y  of  t h e  n e r v e  impu l se ,  we  h a v e  : V = n .  ~ .D-  0. 

As  t h e  s u b u n i t s  a re  s p a t i a l l y  l oca t ed ,  s i n c e  t h e y  a re  
p a r t  of  t h e  m e m b r a n e  s t r u c t u r e ,  i t  fo l lows  t h a t  t h e  t r a n s i -  
t i o n  R -+ A is a i n o n o m o l e c u l a r  l ike  r e a c t i o n  9, so  t h a t :  
V = K , n ,  K b e i n g  t h e  r a t e  c o n s t a n t .  F r o m  t h e  l a s t  t w o  
r e l a t i o n s  we  h a v e :  

K = z �9 D �9 0 (1) 

U s i n g  t h e  w e l l k n o w n  A r r h e n i u s '  f o rmula~~  

K = A - exp ( - - E / R T )  (2) 

one  c a n  c a l c u l a t e  t h e  a c t i v a t i o n  e n e r g y :  E = - - R  6 (ln K ) /  
d (l/T). H e r e  R a n d  T h a v e  t h e i r  u s u a l  m e a n i n g s .  F r o m  (1) 
i t  is c l ea r  t h a t :  6 K / d T  = d0/dT,  so t h a t :  

E = - - R  0 (ln 0)/0 ( l /T)  (3) 

T h e  a c t i v a t i o n  e n t h a l p y  of  n e r v e  i m p u l s e  c o n d u c t i o n  is : 

A H *  = E - - R T  = - - R  IT  + 0 (in 0)/0 (I/T)] (4) 

I n  t h e  a c t i v a t e d  c o m p l e x  t h e o r y  ~~ one  d e m o n s t r a t e s  
t h a t  t h e  t e r m  A in  t h e  A r r h e n i u s '  e q u a t i o n  is g i v e n  b y :  

A = (kT/h) exp ( A S * / R  + 1) (5) 

w h e r e  k a n d  h a re  t h e  B o l t z m a n n  a n d  P l a n c k  c o n s t a n t s  
a n d  A S *  is t h e  a c t i v a t i o n  e n t r o p y .  A f t e r  s e v e r a l  s i m p l e  
ca l cu l a t i ons ,  f r o m  (1), (2) a n d  (5) one  o b t a i n s  t h e  a c t i v a -  
t i o n  e n t r o p y  of  n e r v e  i m p u l s e  p r o p a g a t i o n :  

A S *  = R [ln (z~.D) + ln (O) - -  In (k r/h) + E / R T - - 1 ]  (6) 

N o w ,  one  c a n  c a l c u l a t e  t h e  G i b b s  f ree  e n e r g y  of  a c t i v a -  
t i o n  for  i m p u l s e  p r o p a g a t i o n :  

AG* = A H *  - -  T . A S *  (7) 

T h e  r e l a t i o n s  (3), (4), (6) a n d  (7) s h o w  c l ea r ly  t h a t  al l  
t h e  a c t i v a t i o n  p a r a m e t e r s  of  t h e  n e r v e  i m p u l s e  p r o p a g a -  
t i o n  c a n  b e  c o m p u t e d  k n o w i n g  so le ly  t h e  d i a m e t e r  of  t h e  
n e r v e  f ib re  a n d  t h e  t e m p e r a t u r e  d e p e n d e n c e  of  t h e  
c o n d u c t i o n  ve loc i t y .  

Results .  T h e  T a b l e  s u m m a r i s e s  t h e  v a l u e s  o f  t h e  
a c t i v a t i o n  p a r a m e t e r s  of  i m p u l s e  c o n d u c t i o n  in  v a r i o u s  
t y p e s  of  n e r v e  f ibres .  I n  t h e  l a s t  c o l u m n  of  t h e  Tab le ,  t h e  
r e f e r e n c e  sou rces  o f  t h e  c o n d u c t i o n  ve loc i t i e s  a t  20 ~ a n d  
22 ~ a re  l i s ted .  T h e  d i a m e t e r s  of n e r v e  f ib re s  h a v e  b e e n  
o b t a i n e d  b o t h  f r o m  t h e  i n d i c a t e d  sou rces  a n d  f r o m  HURSH 

d a t a  ~t. I n  o r d e r  t o  f a c i l i t a t e  t h e  c o m p a r i s o n  w i t h  c h e m i c a l  
r e a c t i o n s ,  t h e  a c t i v a t i o n  p a r a m e t e r s  a re  e x p r e s s e d  in  ca l  
a n d  kca l  p e r  mole ,  in  t h i s  case  '1 m o l e  of  r e a c t a n t '  m e a n i n g  
a m e m b r a n e  a r e a  b e a r i n g  a n u m b e r  of  s u b u n i t s  e q u a l  w i t h  
A v o g a d r o ' s  n u m b e r .  

Conclusions and discussion. T h e  l a rge  p o s i t i v e  v a l u e s  
of  A G *  i n d i c a t e  t h a t  t h e  r e s t i n g  s t a t e  of t h e  s u b u n i t s ,  a n d  
c o n s e q u e n t l y  of  t h e  m e m b r a n e ,  is s t ab le .  A s t i m u l u s ,  no  
m a t t e r  i t s  n a t u r e ,  wi l l  p r o d u c e  t h e  e x c i t a t i o n  of  t h e  n e r v e  
f ib re  if, a n d  o n l y  if, i t  is ab l e  t o  t r a n s f e r  to  t h e  m e m b r a n e  
an  e n e r g y  g r e a t e r  t h a n  AG*.  T h i s  o b s e r v a t i o n  cou ld  be  t h e  
b a s i s  for  a u n i t a r y  a p p r o a c h  of  t h e  v a r i o u s  k i n d  of  s t i m u l -  
a t i o n s  (electr ical ,  chemica l ,  t h e r m a l ,  etc .)  o f f e r i ng  a 
p h y s i c a l  m e a n i n g  a t  m o l e c u l a r  l eve l  fo r  t h e  t h r e s h o l d  
c o n d i t i o n ,  q u i t e  a r t i f i c i a l l y  i m p o s e d  b y  t h e  c u r r e n t  
t h e o r i e s  of  n e r v e  e x c i t a t i o n .  One  c a n  see t h a t  A G *  d i s p l a y s  
o n l y  s m a l l  v a r i a t i o n s  f r o m  one  t y p e  o f  n e r v e  f ib re  t o  
a n o t h e r ,  t h e s e  v a r i a t i o n s  b e i n g  100 t i m e s  s m a l l e r  t h a n  
t h o s e  b e t w e e n  t h e  c o n d u c t i o n  ve loc i t i es .  As no  c o r r e l a t i o n  
c a n  be  e s t a b l i s h e d  b e t w e e n  A G *  a n d  t h e  f i b re  d i a m e t e r  
a n d  no  m a r k e d  d i f f e r e n c e  ex i s t s  b e t w e e n  t h e  m y e l i n a t e d  
a n d  t h e  n n m y e l i n a t e d  f ibres ,  i t  is a l l o w e d  to  c o n c l u d e  t h a t ,  
a t  t h e  m o l e c u l a r  level ,  t h e r e  is a u n i q u e  m e c h a n i s m  of  t h e  
f u n c t i o n i n g  of  al l  a x o n a l  m e m b r a n e s .  A v a l u e  of  A G *  ~ 20 
k c a l / m o l  cou ld  t h u s  be  c o n s i d e r e d  as  a g e n e r a l  d e f i n i n g  
p a r a m e t e r  of  t h e  n e r v o u s  c o n d u c t i o n .  

I f  t h e  m e m b r a n e  s u b u n i t s  a b s o r b  a n  e x t r e n a l  e n e r g y  
d u r i n g  t h e  e x c i t a t i o n ,  i t  is t o  be  e x p e c t e d  t h a t ,  w h e n  
r e t u r n i n g  to  t h e  r e s t i n g  s t a t e ,  t h e y  wi l l  r e l ea se  ene rgy ,  a 
p a r t  o f  t h i s  s e r v i n g  to  i n d u c e  t h e  t r a n s i t i o n  in  t h e  n e i g h -  
b o u r i n g  s u b u n i t s  a n d  a n o t h e r  p a r t  b e i n g  r e l e a s e d  a s  
e l e c t r o m a g n e t i c  emis s ion .  A v e r y  g o o d  e x p e r i m e n t a l  
s u p p o r t  of  t h i s  v i e w  ar i ses  f r o m  t h e  f a c t  t h a t  a n  e n e r g y  as  

9 A first order kinetics could be considered as only one of several 
possible working hypotheses, but it seems to be the most reasonable. 

10 For all the problems of chemical kinetics reference is made to: H. 
EYRING and E. lVL EYRING, Modern Chemical Kinetics (Reynhold, 
New York 1963). 

11 j .  B. HURSH, Am. J. Physiol. 127, 131 (1939). 
18 N. A. HUTCHINSON, Z. J. KOLES and R. S. SMITH, J. Physiol., Lond. 

208, 279 (1970). 
18 B. FRANKENHAEUSER and B. WALTMAN, J. Physiol., Lond. 748,'677 

(1959). 
14 D.-G. M~-RGINEANU, unpublished results. 
15 A. S. PAINTAL, J. Physiol., Lond. 780, 20 (1965). 
18 D. N. FRANZ and A. IGGO, J. Physiol., Loud. 599, 319 (1968). 
17 j .  V. HOWARTH, ~,.. D. I~EYNES and J. M. RITCHIE, J.  Physiol., 

Lond. J9,r 745 (1968). 
18 A. L. HODGKIN and ]3. KATZ, J. Physiol., Lond. 709, 240 (1949). 

Activation parameters of nervous conduction calculated on the basis of conduction veIocities at 20 and 22 ~ 

Type of fibre Nerve Animal species D ( /~m) 020~ E A H *  AG ~- d S *  Reference source 
(mls) (kcal/mol) (cal/mol.~ of 0 20 ~ values 

Myelinated sciatic X. laevis 3 5.40 5.57 4.99 23.04 --61.62 82 
Myelinated sciatic X. laevis 12 21.60 5.53 4.94 23.91 --58.24 18 
Myelinated sciatic X. laevis 22 39.60 5.43 4.85 20.71 --54.14 12 
Myelinated sciatic X. la'evis 30 67.70 2.59 2.01 20.21 --62.14 88 
Myelinated sciatic R. temporaria 20 33.20 6.83 6.25 20.83 --49.60 14 
Myelinated vagus cat 6 12.90 11.19 10.60 22.20 --39.46 15 
Myelinated saphenous eat 7 22.60 7.94 7.36 21.68 --48.73 16 
Unmyelinated saphenous cat 0.50 0.53 9.14 8.55 25.43 --57.72 18 
Unmyelinated vagus rabbit  1.20 0.51 12.45 11.86 25.05 --44.86 aT 
Giant axon squid 500 a 6.82 6,24 19.08 --44.27 is 

a In this case, the calculations are based on the conduction velocities at 13.3 and 20.2~ 
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AG* and  AH* corresponds  to q u a n t a  w i t h  w a v e l e n g t h  of 
2 Fm. This  va lue  lies j u s t  in  t he  d o m a i n  in wh ich  t he  

e l ec t romagne t i c  emiss ion  of t he  ac t ive  nerves  was 
de t ec t ed  19. 

The  fac t  t h a t  AS* a lways  has  large nega t i ve  va lues  
shows t h a t  t he  ac t ive  s t a t e  of t he  m e m b r a n e  is a more  
ordered  one. I t  appea r s  t h a t ,  d u r i n g  t he  exci ta t ion ,  t he  
e n t r o p y  of t he  m e m b r a n e  f i r s t ly  decreases,  a f te r  wh ich  i t  
increases,  whi le  the  e n t r o p y  of t he  a x o p l a s m a  a n d  the  
i n t e r s t i t i a l  f luid on ly  increases  due to ionic f luxes 20. These  
oppos i te  e n t r o p y  changes  offer a basis  for t he  under -  
s t a n d i n g  of t he  b iphas ic  form of the  in i t ia l  h e a t  p r o d u c t i o n  
associa ted w i t h  a ne rve  impulse  ~7, 2~. All  t he  a t t e m p t s  to  
exp la in  th i s  fac t  solely on  t he  basis  of ionic f luxes failed. 
The  opt ica l  changes  associa ted  w i t h  ne rve  impul se  
p r o p a g a t i o n  3-5 ind ica te  t he  occurence of s t r u c t u r a l  
changes  in t h e  m e m b r a n e  a n d  even  seem to ind ica te  a 
decrease  in en t ropy .  The  ca lcu la t ions  p re sen ted  here  
c lear ly  show such  a decrease, a n d  we can  get  a n  idea of t he  
m a g n i t u d e  of s t r u c t u r a l  changes ,  r e m e m b e r i n g  t h a t  t he  
f o r m a t i o n  of a h y d r o g e n  b o n d  is associa ted  w i t h  2 H  = 
4.5 kca l /mol  and  AS = -- 12 ca l /nml  ~ Accordingly ,  t he  
s t r u c t u r a l  changes  occur ing  in each  m e m b r a n e  s u b u n i t  
are energe t ica l ly  e q u i v a l e n t  w i t h  the  f o r m a t i o n  of up  to 
5 h y d r o g e n  bonds .  

Rdsumd. La  th6or ie  du  complexe  d ' a c t i v6  est  app l iquee  
la desc r ip t ion  de la p r o p a g a t i o n  de l ' in f lux  ne rveux .  On 

d6du i t  les formules  d o r m a n t  t ons  les p a r a m 6 t r e s  d ' a c t i v a -  
t i on  de ce processus  e t  on les calcule pou r  d i f f6rent  types  
de f ibres  nerveuses .  L ' e n t r o p i e  d ' a c t i v a t i o n  est  g r ande  et  
n6gat ive ,  ce qui  p r o u v e  que la m e m b r a n e  exc i t ab le  est  
dans  u n  6 ta t  plus  o rdonn6  p e n d a n t  l ' exc i ta t ion .  L '6nerg ie  
l ibre  d ' a c t i v a t i o n  est  p resque  la m~me pou r  t ou t e s  les 
f ibres  nerveuses .  El le  p e u t  donc 4tre  consid6r6e c o m m e  un  
p a r a m 6 t r e  f o n d a m e n t a l  de la c o n d u c t i o n  nerveuse.  

D.-G. M~,RGINEANU 22 

Polymer Department, The Weizmann Institute o/ Science, 
Rehovot (Israel), 73 April 7972. 

19 A. FRASER and A. H. FREY, Biophys. J. 8, 731 (1968). 
20 D. M,~.RGINEANU, Biophysik 6, 327 (1970). 
21 B. C. ABBOTT, A. V. HILL and J. V. HOWARTH, Proe. R. Soc. ldSB, 

149 (1958). 
~2 Permanent address (for inquiries) : Department of Biophysics, Fa- 

culty of Medicine, Bd. P. Groza No. 8, Bucures, ti (Romania). 

E m b r y o n i c  M e g a l o b l a s t o s i s  

A cons i s t en t  f ea tu re  of e m b r y o n i c  d e v e l o p m e n t  is the  
change  f rom a mega lob las t i c  haem opo i e t i c  cell lille to  one 
wh ich  is no rmoblas t i c .  Th i s  has  been  well  d o c u m e n t e d  in 
t he  ch ick  e m b r y o  ~, b u t  few s tudies  - o t h e r  t h a n  m o r p h o -  
logical  ones  - h a v e  been  u n d e r t a k e n  to  d e t e r m i n e  t he  
cause. The  ques t ion  was asked  w h e t h e r  mega lob las tos i s  
in  t he  e m b r y o  could be  r e l a t ed  to t he  me tabo l i c  defect  
occurr ing  in orot ic  acidur ia ,  where  t he re  is v e r y  l i t t l e  
a c t i v i t y  of t he  enzymes ,  o r 6 t i dy l a t e  p y r o p h o s p h o r y l a s e  
a n d  decarboxylase ,  a n d  r e s u l t a n t  mega lob las tos i s  2. The  
deve lop ing  ch ick  e m b r y o  was used as a model .  

Fer t i l ized  fowl eggs were i n c u b a t e d  a t  37 ~ for t i m e  
in t e rva l s  up  to  4 days.  B l a s t o d e r m s  dissected f rom the  
eggs were classified accord ing  to  t he  s tages  def ined b y  
HAMBURGER a n d  HAMILTON 3. E m b r y o n i c  or b lood  i s land  
t i ssue  was homogen ized  for  e s t i m a t i o n  of c o m b i n e d  
o ro t idy l a t e  p y r o p h o s p h o r y l a s e  and  deca rboxy lase  levels 
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Fig. 1. Combined orotidylate pyrophosphorylase and decarboxylase 
activity ii1 chick embryonic (open circles) and blood island (closed 
circles) tissues, at different stages of development. 

b y  the  release of r ad ioac t ive  CO b f rom orot ic  acid, label led  
in t he  c a r b o x y l  g roup  ~. 

The  resul t s  of e s t i m a t i o n  of e n z y m a t i c  a c t i v i t y  in 
e m b r y o n i c  or b lood  i s land  t i ssue  a t  d i f fe ren t  s tages  of 
d e v e l o p m e n t  f rom 24 to 84 h are shown  in F igure  1. In  
t he  embryo ,  e n z y m a t i c  a c t i v i t y  was b a r m y  de t ec t ab l e  b y  
th i s  m e t h o d  u n t i l  55 h, when  the re  was a s t r i k i n g  increase.  
I n  cont ras t ,  in t he  b lood is lands,  a c t i v i t y  r e m a i n e d  a t  a 
low level  un t i l  55 h, b u t  t he  s u b s e q u e n t  r ise in a c t i v i t y  
was m a s k e d  b y  a para l le l  rise in D N A  c o n t e n t  - t h a t  is, 
r e la t ive  a c t i v i t y  in t he  b lood i s lands  did  no t  a l t e r  w i t h  
age. S imi la r  t r e n d s  were o b t a i n e d  w h e n  e n z y m a t i c  ac t iv -  
i t y  was c o m p a r e d  w i t h  pro te in .  

The  re la t ive  lack of th i s  essent ia l  s tep  in de novo  
p y r i m i d i n e  b iosyn thes i s  d u r i n g  t he  ear ly  s tages  of ch ick  
embryogenes i s  is i n t e re s t ing  in v iew of t he  ac t ive  D N A  
syn thes i s  occur r ing  a t  th i s  t ime.  D N A  syn thes i s  m a y  
depend  on  o the r  sources, such  as t he  sa lvage  p a t h w a y  
(ur idine kinase).  I n  v iew of these  f indings,  o ro t i dy l a t e  
p y r o p h o s p h o r y l a s e  a n d  deca rboxy lase  a c t i v i t y  was com- 
pa red  w i t h  t h a t  of a con t ro l  e n z y m e  in t he  pu r ine  p a t h -  
way,  h y p o x a n t h i n e - g u a n i n e  p h o s p h o r i b o s y l  t r ans fe r a se  
(HGPRTase ) ,  wh ich  conve r t s  h y p o x a n t h i n e  to inosine  
m o n o p h o s p h a t e .  H G P R T a s e  is also a sa lvage  enzyme.  
F igure  2 shows t h a t  th i s  e n z y m e  was p r e sen t  f rom t h e  be-  
g inning,  a n d  i ts  a c t i v i t y  was g radua l ly  reduced  in b o t h  
e m b r y o n i c  a n d  b lood  i s land  t i ssue  a t  all s tages  of develop-  
men t .  
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