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Results. Figure  2 shows a t yp i ca l  expe r imen t .  The  
s t a r t i n g  r e s i s t a n c e  of t h e  f i lm was 100 M ~ cm 2. As 
i nd i ca t ed  in  t he  figure,  t h e  a d d i t i o n  of e n z y m e  to  the  
aqueous  phase  does no t  change  t he  res is tance ,  b u t - a ~ s o o n  
as ace ty lcho l ine  (ACh) is a d d e d  to  t h e  aqueous  phase  a 
d ras t i c  change  can  be  observed ,  t he  res i s t ance  d r o p p i n g  b y  
two orders  of m a g n i t u d e .  As t he  s u b s t r a t e  is hydro lyzed ,  
t he  res i s t ance  increases  s lowly aga in  to  a l m o s t  t he  same 
m a g n i t u d e  as before.  Th i s  effect  m a y  be  o b t a i n e d  over  
a n d  over  again.  The  l imi t ing  fac to r  is t he  f rag i l i ty  of the  
m e m b r a n e s .  

As a control ,  t h e  e n z y m e  was i n h i b i t e d  b y  eserine, so 
t h a t  i t  was p r e v e n t e d  f rom fo rming  t he  e n z y m e - s u b s t r a t e  
complex .  I n  th i s  case t h e  b i l aye r  becomes  insens i t ive  to  
ace ty lcho l ine  (see F igure  2). 

The  e x p e r i m e n t  was also car r ied  ou t  w i t h  e n z y m e  p repa -  
r a t i ons  of d i f fe ren t  specific act iv i t ies .  The  ex tens ion  of the  
obse rved  effects  - n a m e l y  t he  n u m b e r  of cou lombs  
pass ing  t h r o u g h  the  m e m b r a n e  d u r i n g  i m p e d a n c e  change  
- s t r i c t ly  d e p e n d e n t  on  t h e  specific a c t i v i t y  as long as t he  
e x p e r i m e n t a l  cond i t ions  l ike p r o t e i n  c o n c e n t r a t i o n  1 ~zg/ 
ml), pH,  t e m p e r a t u r e  and  t he  a m o u n t  of ACh added  
(5 ~g/ml)  h a v e  been  k e p t  cons t an t ,  t h u s  d e m o n s t r a t i n g  
t h a t  t he  change  in p e r m e a b i l i t y  is closely r e l a t ed  to 
AChase  ac t iv i ty .  

A n o t h e r  i n t e r e s t i ng  re su l t  was  t he  fac t  t h a t  a d d i n g  the  
e n z y m e  a t  one side of t h e  a l r eady  fo rmed  bi layer ,  t h e n  
a d d i n g  t h e  s u b s t r a t e  to  t he  o t h e r  side of t he  b i l aye r  a f te r  
10 rain,  also p roduced  a d rop  in res is tance.  Th i s  fac t  
i nd ica t e s  t h a t  t he  e n z y m e  is bu i l t  in to  t he  m e m b r a n e  in 
such  a way  t h a t  t he  molecule  is accessible  f rom b o t h  sides 
a n d  s y m m e t r i c a l l y  or ien ted .  I n  o the r  words,  these  experi-  
m e n t s  sugges t  a mosaic  s t r u c t u r e  for t he  l ip id -p ro te in  
m e m b r a n e s  i n v e s t i g a t e d  s imi la r  to  t h a t  wh ich  GREEN10 
proposes  for  t h e  l iv ing  cell. 

Discussion. I t  is b e c o m i n g  more  a n d  more  e v i d e n t  t h a t  
t he  s t u d y  of t h e  b e h a v i o u r  of m e m b r a n e - b o u n d  enzymes  
in so lu t ion  can  lead to  m i s i n t e r p r e t a t i o n  of t h e i r  mode  of 
ac t ion .  These  enzymes  do no t  ex is t  in  t he  m e m b r a n e  in a 
s t a t e  of a u t o n o m y  b u t  form a n  indissoc iable  c o n t i n u u m  
w i t h  t he  res t  of t he  m e m b r a n e ,  a n d  i t  t he re fo re  seemed 
i n t e r e s t i ng  to  s t u d y  AChase  on a def in i te  s t r u c t u r e  s imi la r  
to  t h e  n a t u r a l  m e m b r a n e ,  b y  i n c o r p o r a t i n g  t h e  e n z y m e  
in to  bi layers .  T h o u g h  these  b i l ayers  n a t u r a l l y  e x h i b i t  a 
m u c h  lower o rder  of c o m p l e x i t y  t h a n  n a t u r a l  m e m b r a n e s ,  
i t  can  be  a s sumed  t h a t  t h e y  ref lect  a genera l  des ign a t  
leas t  w i t h  r ega rd  to t he  basic  s t r u c t u r a l  e l emen t s  of 
m e m b r a n e s .  

The  e x p e r i m e n t s  d e m o n s t r a t e d  t h a t  b i l aye r s  c o n t a i n i n g  
a v e r y  smal l  a m o u n t  of AChase  f rom e lec t rophorus  elec- 

t r i cus  r eac ted  to  t he  a d d i t i o n  of ACh b y  a r ap id  and  
t r a n s i e n t  increase  in conduc tance .  I n  o the r  words,  a 
p h e n o m e n o n  was  obse rved  s imi la r  to  t h a t  obse rvab le  in  
exc i t ab le  m e m b r a n e s .  

W e  could f u r t h e r  d e m o n s t r a t e  t h e  a m o u n t  of cou lombs  
pass ing  t h r o u g h  t he  m e m b r a n e  d u r i n g  i m p e d a n c e  change  
def in i te ly  depends  on  t he  e n z y m a t i c  a c t i v i t y  p re sen t  on 
the  m e m b r a n e .  These  f ind ings  d e m o n s t r a t e  t h a t  AChase  
alone, t o g e t h e r  w i t h  i t s  n a t u r a l  s u b s t r a t e  ACh, is suff ic ient  
to  p roduce  a change  in  p e r m e a b i l i t y  to  sma l l  ions in 
ar t i f ic ia l  m e m b r a n e s .  

T h e  a s s u m p t i o n  of a s epa ra t e  chol inerg ic  recep tor  
molecule  i n d e p e n d e n t  of t he  as fls comp lex  of AChase  
seems to  be  unneces sa ry  in these  expe r imen t s .  The  d a t a  
r a t h e r  s u p p o r t  a h y p o t h e s i s  5 wh ich  assumes  t h a t  a and /3  
s u b u n i t s  of AChase  fulfi l  d i f fe ren t  func t ions :  t he  a -un i t  
would  r ep re sen t  t he  ca t a ly t i c  p a r t  a n d  t he  / / -unit  t he  
r ecep t ive  par t .  The  whole  sequence  of even t s  l ead ing  to 
depo la r i za t ion  of t he  m e m b r a n e  would  occur  on  t he  same 
complex,  a cond i t ion  wh ich  seems to be  i m p o r t a n t  w i th  " 
r e g a r d  to  t he  e x t r e m e  r a p i d i t y  of t he  processes.  The  
i nd iv idua l  s teps  would be  as follows : t h e / / - u n i t  recognizes  
ace ty lcho l ine  and  i n t e r ac t s  w i t h  i t  to  fo rm a complex  
wh ich  induces  a c o n f o r m a t i o n a l  change  t h a t  b r ings  the  
ca t a ly t i c  si te  of t h e  a -un i t  i n to  close p r o x i m i t y  w i t h  " 
ace ty lcho l ine  b o u n d  to  t he  recep t ive  s i te  of t h e / / - u n i t  and  
is t h e r e b y  in a pos i t ion  to  hyd ro lyze  ACh a n d  reverse  t he  
whole  effect. 

Zusammen/assung. Es  k o n n t e  gezeigt  werden,  dass 
Bi layers ,  die eine ganz  geringe Menge Ace ty lcho l ines te rase  
e n t h a l t e n ,  auf  die Zugabe  yon  Ace ty lcho l ine  m i t  e iner  
2knderung der  Permeabi l i t~ i t  gegeni iber  k le inen  I o n e n  
reagieren.  Dieser  E f f e k t  is t  r evers ibe l  u n d  die Gr6sse des 
Ef fek tes  h~ingt bet  k o n s t a n t e n  V e r s u c h s b e d i n g u n g e n  nu r  
m i t  der  spezi f ischen Akt ivi t~i t  der  E n z y m p r ~ p a r a t i o n  
zusammen .  
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Glycogen Content in Young and Old Rats Liver and Muscles 

I t  was  found  t h a t  in  musc les  of aged r a t s  t he  p e r c e n t a g e  
of p h o s p h o c r e a t i n e  to  t h e  t o t a l  c r ea t ine  is lower  t h a n  in 
y o u n g  an ima l s  1. P h o s p h o c r e a t i n e  is used for t he  rephos-  
p h o r y l a t i o n  of A D P  to  A T P  in t he  muscle:  I t  was  also 
found  t h a t  b y  an  increase  of glucose feeding,  t h e  phos-  
p h o c r e a t i n e  va lues  of old an i m a l s  muscles  r e t u r n  to those  
of y o u n g  ones 2. This  m a y  be  r e l a t ed  to changes  in glyco- 
gen me tabo l i sm ,  and  the re fo re  t he  glycogen c o n t e n t  of 
musc les  a n d  l iver  in y o u n g  a n d  old r a t s  was  compared .  

Materials and methods. W i s t a r  a lb ino  r a t s  f r o m  t h e  
I n s t i t u t e ' s  own  colony were used. T he  p r e p a r a t i o n  of 
muscles  fol lowed t he  fo rmer  desc r ip t ion  s . T he  glycogen 
c o n t e n t  was  e s t i m a t e d  b y  t he  m e t h o d  of VAN DER KLEIJ 3. 

To t e s t  t he  in f luence  of work,  t he  a n i m a l s  were t r ans -  
fer red  in to  a n a r r o w  c o n t a i n e r  w i t h  w a t e r  a t  25 ~ Af te r  
e x h a u s t i n g  swimming ,  t h e y  were i m m e d i a t e l y  ki l led and  
t he  glycogen c o n t e n t  of l iver  a n d  wh i t e  and  red muscles  
was e s t ima ted .  The  s igni f icance  of t he  differences of re- 
sul ts  be tween  young  a n d  old an imals ,  and  red  and  whi t e  
muscles  was checked  b y  S t u d e n t  t- test .  

I M. ERMINI, Gerontologia 16, 231 (1970). 
2 F. VERZAR and M. t~RMINI, Gerontologia 16, 223 (1970). 
3 B. J. VAN DER KLEIJ, Biochem. biophys. Acta 7, 481 (1951). 
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Results.  R e s u l t s  o b t a i n e d  f r o m  r e s t i n g  a n i m a l s  a r e  S u m -  
m a r i z e d  in  T a b l e  I for  y o u n g  a n d  in  T a b l e  I I  for  o ld  an i -  
m a l s .  M a l e s  a n d  f e m a l e s ,  a n d  a l so  w h i t e  a n d  r e d  m u s c l e s ,  
a n d  l i ve r s  a r e  d i f f e r e n t i a t e d .  

Table I. Glycogen content in nmscle and liver in young rats a t  rest 

Age Sex Body Glycogen content in g/100 g wet 
(Month) weight (g) tissue weight 

White Red Liver 
muscle muscle 

5 ~ 250 0.28 0.13 4.76 
5 ~ 200 0.21 0.13 5.44 
5 ~ 260 0.28 0.20 6.54 
5 ~ 295 0.21 0.16 3.40 
5 ~ 420 0.32 0.15 4.96 
6 ~ 200 0.29 0.24 7.01 
6 ~ 380 0.30 0.07 5.62 

Mean 0.27:]_0.05 0.17-[-0.03 4.53+1.46 
p<0~001 

Table II. Glycogen content in muscle and liver in old rats at rest 

Age Sex Body Glycogen content in g]100 g wet 
(Month) weight (g) tissue weight 

White Red Liver 
muscle nmscle 

20 9 470 0.11 0.08 1.96 
20 ~ 390 0.19 0.23 1.53 
20 ~ 300 0.06 0.20 2.50 
23 ~ 260 0.10 0.10 1.43 
23 ~ 485 0.06 0.09 1.49 
23 ~ 560 0.17 0.05 1.32 
23 ~ 760 0.12 0.09 0.54 
23 ~ 400 0.09 0.04 2.02 
24 ~ 380 0.16 0.05 1.94 
24 ~ 230 0.03 0.01 0.13 
25 2 350 0.18 0.21 2.23 
26 ~ 455 0.14 0.05 1.29 
27 ~ 250 0.09 0.10 2.47 
29 ~ 255 0.05 0.02 0.18 
30 ~ 200 0.12 0.04 1.54 

Mean 0.11~-0.05 0.09~0.07 1.512t20.75 
p<0 .05  

T a b l e  I s h o w s  t h a t  in  y o u n g  a n d  u p g r o w n  a n i m a l s  w h i t e  
m u s c l e s  c o n t a i n  s i g n i f i c a n t l y  (p < 0.001) m o r e  g l y c o g e n  
t h a n  r ed  m u s c l e s .  T h i s  c o n f i r m s  t h e  r e s u l t s  of  GUTMAN4 
a n d  L~ONARD 5. H o w e v e r ,  in  o u r  e x p e r i m e n t s  t h i s  d i f f e r -  
ence  is n o t  s i g n i f i c a n t  in  t h e  a n i m a l s  o lde r  t h a n  20 m o n t h s .  
T a b l e  I s h o w s  f u r t h e r  t h a t  in  m u s c l e ,  a s  wel l  a s  in  l iver ,  
t h e  g l y c o g e n  c o n t e n t  in  o ld  a n i m a l s  is s m a l l e r .  T h e  d i f fe r -  
e n c e s  a r e  s i g n i f i c a n t  (p < 0.05). 

S ince  o n e  p o s s i b l e  o b j e c t i o n  m a y  b e  t h a t  t h e  a b s o r p t i o n  
f r o m  t h e  i n t e s t i n e  for  g l u c o s e  m a y  d e c r e a s e  in  o ld  r a t s ,  
we  r e p e a t e d  t h e  e x p e r i m e n t s  of  KLIMAS 6 a n d  f o u n d ,  in  
a c c o r d a n c e  w i t h  h i m ,  n o  d i f f e r e n c e  b e t w e e n  g l u c o s e  a b -  
s o r p t i o n  in  5 y o u n g  (5 m o n t h s )  a n d  3 o ld  (22 -26  m o n t h s )  
a n i m a l s .  T h u s  t h e  d i f f e r e n c e  of  g l y c o g e n  c o n t e n t  b e t w e e n  
y o u n g  a n d  o ld  a n i m a l s  c a n n o t  be  c a u s e d  b y  a d i m i n i s h e d  
a b s o r p t i o n  of  g lucose .  

A f t e r  e x h a u s t i n g  w o r k  ( T a b l e  I I I )  t h e  g l y c o g e n  c o n t e n t  
in  w h i t e  m u s c l e  d e c r e a s e s  b o t h  in  y o u n g  a n d  o ld  a n i m a l s ,  
a s  a c o m p a r i s o n  of T a b l e s  I ,  I I  a n d  I I I  s h o w s .  

Discussion.  T h e  d e c r e a s e  of  l i ve r  g l y c o g e n  m a y  b e  
c a u s e d  b y  a d e c r e a s e d  f i x a t i o n  of  g l y c o g e n  in  t h i s  o r g a n .  
LOHMANN a n d  BOCK ~ o b s e r v e d  a s m a l l e r  i n c r e a s e  of  b l o o d  
s u g a r  in  o ld  age  in  t h e  t e s t  for  g l u c a g o n  a n d  s u p p o s e d  t h a t  
i t  is e x p l a i n e d  b y  a d e c r e a s e d  c a p a c i t y  of  l i ve r  for  f i x a t i o n  
of  g l y c o g e n .  

A c c o r d i n g  to  2~IKITIN e t  al.  ~ t h e  q u a n t i t y  of  g l y c o g e n  in  
m u s c l e s  d e c r e a s e s  in  o ld  age ,  w h i l e  BERTOLINI 9 a n d  HOR- 
VATHI~ f o u n d  no  d i f f e r e n c e s  in  d i f f e r e n t  ages .  I t  m a y  be  
s u p p o s e d  t h a t  t h e  l o w e r  c o n t e n t  of  g l y c o g e n  in  t h e  m u s c l e  
f i be r s  is c a u s e d  b y  a d i m i n i s h e d  e n t r a n c e  of  g l y c o s e  
t h r o u g h  t h e  ce l l ' s  m e m b r a n e ,  for  w h i c h  i n s u l i n  is  n e c e s s -  
a ry .  SHOCK a n d  ANDRES 11 c o n c l u d e d  t h a t  in  o ld  m e n  a 
d e c r e a s e d  t o l e r a n c e  for  g l u c o s e  is  t h e  r e s u l t  of  a d e c r e a s e d  
s e n s i b i l i t y  o f  t h e  b e t a  cel ls  of  t h e  p a n c r e a s ,  a n d  BULLOCK 
e t  a1.12 r e a c h e d  t h e  c o n c l u s i o n  t h a t  in  a g e d  r a t s  a n  a t r o p h y  
of  t h e  p a n c r e a s  is g e n e r a l l y  seen .  I t  wi l l  n e e d  f u r t h e r  ex -  
p e r i m e n t s  to  e x p l a i n  t h e  d e c r e a s e  of g l y c o g e n  in  l i ve r  a n d  
m u s c l e s  in  o l d  age .  

Zusammen]assung.  D e r  G l y k o g e n - G e h a l t  v o n  j u n g e n  u n d  
a l t e n ,  w e i s s e n  u n d  r o t e n ,  r u h e n d e n  u n d  a r b e i t e n d e n  M u s -  
k e l n  sowie  in  d e r  L e b e r  v o n  R a t t e n  w u r d e  b e s t i m m t .  Die -  
ser  v e r m i n d e r t  s i ch  i m  A l t e r  s e h r  s t a r k  u n d  s i n k t  w e i t e r  
be i  A r b e i t  d e r  M u s k e l n .  
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Table III. Changes in glycogen content in white muscle after ex- 
haust ing work 

Age (Month) Sex Body weight Glycogen content 
(g) in g/100 wet weight 

5 ~ 260 0.15 
5 ~ 270 0.12 
5 ~ 250 0.16 
5 ~ 260 0.12 

Mean 0.14 
26 ~ 320 0.06 
26 ~ 325 0.05 
26 ~ 26O 0.08 

4 E. GUTMAN, in Exploratory Concepts in Muscular Dystrophy and 
Related Disorders (Ed. A. T. MILHORAT; Excertpa Mediea Founda- 
tion, ICS No. 147, Amsterdam), p. 132. 

5 S. L. LI~ONARD, in Exploratory Concepts in Muscular Dystrophy and 
Related Disorders (Ed. A. T. MILI~ORAT; Excerpta Mediea Founda- 
tion, ICS No. 147, Amsterdam), p. 188. 
J. E. KLI~AS, J. Geront. 23, 529 (1968). 
D. LOHMANN and A. BOCK, Z. Altersforsch /6, 206 (1962/63). 

8 V. N. NIKITIN, R. J. GOLUBITZKAJA, O. P. SILIN, L. G. LUHISHINA 
and L. N. BLOK, Scient. Rec. Kharkov Univ. Ukr. SSR. 68, 79 
(1956). 

9 A. M. BERTOLINI, Gerontologic Metabolism (C. C. Thomas, Spring- 
field, II1. 1969). 

lo S. M. HORVATH, J. Geront. 1, 213 (1946). 
11 N. W. SHOCK and R. ANDRES, Z. Altersforseh. 20, 384 (1967). 
12 B. C. BULLOCK, K. L. BANKS and P. J. MANNING, in Laboratory 

Animals in Gerontological Research (Ed. N. M. SULKIN, Nat. Acad- 
emy of Science, Washington 1968), p. 62. 


