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buffer  (pH 5.0) a n d  used to s t a in  t he  h y d r o l y z e d  slipes, 
t h e  granules  in t h e  walls  of t he  capi l lar ies  were especial ly  
a p p a r e n t .  The  l a t t e r  t e c h n i q u e  was also ef fec t ive  in 
s t a in ing  all layers  of t he  mu l t i l aye r ed  corpuscles,  b u t  
especial ly  t he  mos t  superf ic ia l  layer.  The  obse rved  Gomor i  
pos i t ive  m a t e r i a l  was v isua l ized  a f t e r  t r e a t i n g  the  t i ssue  
for t he  P A S  reac t ion  and  w i t h  t he  basic  dye p rocedure  
of SOLClA et  al. ~ for endoc r ine  cells. These  t e c h n i q u e s  
also s t a ined  drople t s  in glial  cells a n d  in a n  occasional  
p inea locyte .  Af te r  1 to  1.5 h hydro lys i s  w i t h  w a r m  HC1, 
t he  bas ic  dye  p rocedure  y ie lded well s t a ined  drop le t s  on a 
b a c k g r o u n d  of u n s t a i n e d  t i ssue  (Figure D). E a c h  of the  
dyes r e c o m m e n d e d  b y  SOLCIA et  al. 16 s t a ined  t he  above-  
m e n t i o n e d  mate r ia l .  One of t he  m o s t  i m p o r t a n t  fea tu res  
was t h a t  t h e  m a t e r i a l  also gave  a m a s k e d  m e t a c h r o m a t i c  
r eac t ion  w i t h  to lu id ine  b lue  in M c l l v a i n e  buffer .  

General ly ,  t he  h i s tochemica l  obse rva t i ons  r epo r t ed  here  
are cons i s t en t  w i t h  a ' pep t ide rg ic '  t y p e  of neurosecre t ion .  
The  presence  of s t a i n a b l e  d rop le t s  in t h e  pe r ivascu l a r  
space a n d  in t h e  e n d o t h e l i u m  of the  cap i l l a ry  m a y  

r ep re sen t  h o r m o n e  be ing  secre ted  in to  t h e  blood. The  
s imi la r ly  s t a i n a b l e  m a t e r i a l  in  t h e  mu l t i l aye red  corpuscles  
i nd i ca t e s  t h a t  these  s t r u c t u r e s  somehow p a r t i c i p a t e  in  t he  
secre t6ry  process,  poss ib ly  b y  ac t ing  as a si te  a t  which  
ce r t a in  b y - p r o d u c t s  are deposi ted .  As is t h e  case w i t h  t h e  
h y p o p h y s e a l  n e u r o p h y s i n  ~6-~9 the  neu rosec re to ry  ma te r i a l  
wh ich  s t a ined  w i t h  t h e  m e t h o d s  r epo r t ed  here  p r o b a b l y  
r ep resen t s  t h e  car r ie r  molecule  (as a c a r r i e r -h o rmone  
complex)  for t h e  po lypep t id i c  hormones .  Th i s  m a y  
exp la in  t h e  presence  of the  s t a i n a b l e  m a t e r i a l  (carr ier  
p ro t e in  ?) in t h e  mu l t i l ay e r ed  corpuscles ;  t h e  car r ie r  m a y  
n o r m a l l y  be a b y - p r o d u c t  of t h e  sec re to ry  processes  a n d  
poss ib ly  depos i t ed  on t h e  mu l t i l ay e r ed  corpuscles.  A 
p inea l  p e p t i d e - b i n d i n g  p ro t e i n  has  been  b iochemica l ly  
ident i f ied  b y  KRaSS et  al. 2~ This  p ro t e i n  is s imi la r  to  
n e u r o p h y s i n  of t h e  pos te r io r  p i t u i t a r y  b u t  is a h n o s t  
devo id  of a m i n o  acids c o n t a i n i n g  SH groups  a n d  is 
i ncapab l e  of b i n d i n g  t h e  pos te r io r  lobe hormones .  The  
or ig in  of t h e  axons  wh ich  c o n t a i n  t h e  neu rosec re to ry  
m a t e r i a l  is p r e sen t l y  u n k n o w n .  A l t h o u g h  the re  were some 
n e u r o n  celI bodies  found  in t h e  p inea l  p a r e n c h y m a  t h e y  
were neve r  seen to  c o n t a i n  neu rosec re to ry  ma te r i a l .  The  
f ind ings  p r o m p t  t h e  conc lus ion  t h a t  (at  leas t  in t h e  
monkey)  neurosec re t ion  m a y  be  one of t h e  m e c h a n i s m s  
respons ib le  for secre t ion  of po lypep t ide  h o r m o n e s  by  t he  
p inea l  gland.  

Zusammen/assung. In  der  E p i p h y s e  yon  Rhesusa f f en  
(Macaca rhesus) w u r d e n  Neurosek re t e  h i s t o c h e m i s c h  
nachgewiesen  u n d  gezeigt,  dass  die Af fenep iphyse  
Nerven fo r t s~ t ze  m i t  f~rber i sch  u n d  h i s t o c h e m i s c h  m a n -  
n ig fach  d a r s t e l l b a r e m  Neurosek re t  e n t h a l t e n ,  was ebenso 
fiir den  pe r ivasku l~ ren  R a u m  u n d  die W ~ n d e  der  B lu t -  
gef~;se gilt.  
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C O G I T A T I O N E  S 

On the Regulation of Lactate Dehydrogenase Isoenzyme Concentrations in Mammal ian Cells 

The  five l a c t a t e  d e h y d r o g e n a s e  (LDH) i soenzymes  I t  was  p rev ious ly  a s s u med  t h a t  t h e  t i ssue  specific 
(A4, AaB, AzB~, ABa a n d  B4) found  in mos t  m a m m a l i a n  c o n c e n t r a t i o n s  of t h e  i soenzymes  were d i rec t ly  d e p e n d e n t  
t i ssues  are  p roduced  b y  t he  assoc ia t ion  of two  d i f fe ren t  on  the  s y n t h e t i c  ac t iv i t i e s  of the  s t r u c t u r a l  genes for A 
s u b u n i t  types  (A a n d  B ) i n t o  t e t r a m e r i c  c o m b i n a t i o n s  ~. a n d  B s u b u n i t s  an d  t h a t  t h e  in v ivo  assoc ia t ion  of 
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Table I. Relationship between observed and expected proportions of LDH isoenzymes in rat skeletal muscle 

EXPERIENTIA 30/6 

LDH bglg �9 Observed (%) Expected b (%) % Observed/% expected 

A 4 41.2 83.7 79.1 1.06 
A3B 6.46 13.1 18.8 0.70 
A2B 2 0.52 1.06 1.67 0.63 
AB 3 0.56 1.14 0.066 17.3 
B~ 0.46 0.93 0.00098 949 

Taken from FRITZ et al. 1~ b The values expected for the random combination of 94.3% A and 5.6% t3 subunits  from a single subunit  pool  
The relative amounts  of each tetramer expected were calculated from the following relationship: a ~ + 4a~b + 6a~b 2 + 4ab 3 + b 4 where a 
and b represent the percentages of A and B LDH subunits,  respectively, in the suhunit  pool  

m a m m a l i a n  L D H  s u b u n i t s  w a s  a r a n d o m  p r o c e s s 1 , <  
M o r e  r e c e n t l y ,  FRITZ e t  al. 3 h a v e  p r o p o s e d  t h a t  t h e  o v e r -  
a l l  r e g u l a t o r y  p r o c e s s  is m o r e  c o m p l e x  a n d  i n v o l v e s :  
1. d i f f e r e n t i a l  s y n t h e s i s  of  A a n d  B L D H  s u b u n i t s ,  
2. i s o e n z y m e - i s o e n z y m e  i n t e r a c t i o n s  i n v o l v i n g  t h e  ex -  
C h a n g e  of  s u b u n i t s  b e t w e e n  L D H  t e t r a m e r s ,  a n d  3. 
d i f f e r e n t i a l  d e g r a d a t i o n  ( t u r n o v e r )  of  t h e  i s o e n z y m e s  a n d  
s u b u n i t s .  E a c h  cell  t y p e  w o u l d  p r e s u m a b l y  h a v e  i t s  o w n  
se t  of  r a t e  c o n s t a n t s  for  a l l  of  t h e  p o s t u l a t e d  r e a c t i o n s .  
A c c o r d i n g  to  t h e i r  m o d e l ,  in  v i v o  s u b u n i t  a s s o c i a t i o n s  
w o u l d  n o t  n e c e s s a r i l y  be  r a n d o m  n o r  w o u l d  t h e  t u r n o v e r  
o f  A a n d  B s u b u n i t s  w i t h i n  h y b r i d  m o l e c u l e s  n e c e s s a r i l y  be  
c o u p l e d  s i n c e  s u b u n i t  a s s o c i a t i o n s  w o u l d  b e  c h a n g i n g  
c o n t i n u o u s l y  v i a  s u b u n i t  e x c h a n g e  r e a c t i o n s .  T h e  
f o l l o w i n g  p o i n t s  a r e  c o n s i s t e n t  w i t h  t h e i r  m o d e l :  1. 
s y n t h e t i c  a n d  d e g r a d a t i v e  m e c h a n i s m s  a r e  b o t h  i n v o l v e d  
in  t i le  r e g u l a t i o n  of i n t r a c e l l u l a r  p r o t e i n  c o n c e n t r a t i o n  4, 5 
2. n o n - r a n d o m  a s s o c i a t i o n s  of L D H  s u b u n i t s  h a v e  b e e n  
o b s e r v e d  ill t i s s u e s  of  s o m e  l ower  v e r t e b r a t e s ~ , %  3. s u b -  
u n i t  e x c h a n g e  b e t w e e n  L D H  i s o e n z y m e s  h a s  b e e n  ob-  
s e r v e d  u n d e r  v e r y  m i l d  in  v i t r o  c o n d i t i o n s  s u g g e s t i n g  
t h a t  s i n l i l a r  e x c h a n g e  p r o c e s s e s  m a y  o c c u r  in  v iv03 ,  ~, 
4. h e t e r o g e n e o u s  r a t e s  of  in  v i v o  t u r n o v e r  of  m a m m a l i a n  
r i b o s o m a l  s u b u n i t s  s a n d  of  f a t t y  a c i d  s y n t h e t a s e  s u b -  
u n i t s  9 h a v e  b e e n  o b s e r v e d ,  d e m o n s t r a t i n g  t h a t  t h e  
t u r n o v e r  of  s u b u n i t s  of  t h e s e  c e l l u l a r  c o m p o n e n t s ,  a t  
l e a s t ,  is n o t  c o u p l e d .  

F o r  i n v e s t i g a t i o n s  o n  t h e  i n t r a c e l l u l a r  r e g u l a t i o n  of  
m u l t i p l e  e n z y m e  s y s t e m s ,  u s i n g  i n t a c t  m a m m a l i a n  
t i s s u e s ,  i t  is e s s e n t i a l  t o  e n s u r e  t h a t  t h e  e n z y m e s  s t u d i e d  

a r e  d e r i v e d  f r o m  t h e  s a m e  cel ls  a n d  i n t r a c e l l u l a r  c o m p a r t -  
m e n t s .  F o r  e x a m p l e ,  n o n - r a n d o m  d i s t r i b u t i o n  of L D H  
s u b u n i t s  in  e x t r a c t s  of  h e t e r o g e n e o u s  t i s s u e s  m a y  b e  
e x p e c t e d  s i n c e  t h e  i n t a c t  t i s s u e  w o u l d  c o n t a i n  m o r e  t h a n  
o n e  s u b u n i t  p o o l  (cell t y p e ) .  F u r t h e r m o r e ,  d i f f e r e n t i a l  
t u r n o v e r  of  i s o e n z y m e s  w i t h i n  d i f f e r e n t  cell  t y p e s  of  t h e  
s a m e  t i s s u e  w o u l d  n o t  be  u n e x p e c t e d  in  v i e w  of  t h e  
d i s t i n c t  p h y s i o l o g i c a l  a n d  b i o c h e m i c a l  c h a r a c t e r i s t i c s  of  
d i f f e r e n t i a t e d  m a m m a l i a n  ceils.  F o r  e x a m p l e ,  t h e  s a m e  
p r o t e i n  ( L D H  A~) t u r n s  o v e r  a t  d i f f e r e n t  r a t e s  in  r a t  
s k e l e t a l  m u s c l e ,  l iver ,  a n d  h e a r t  10. A l t h o u g h  t h e  m o d e l  
p r o p o s e d  b y  FRITZ e t  aI. 3 is  a n  i n t r i g u i n g  p o s s i b i l i t y ,  t h e  
p r e s e n t  s t u d y  wil l  s h o w  t h a t  t h e  r e p o r t e d  n o n - r a n d o m  
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Table II. Relationship between observed and expected proportions of LDH isoenzymes ill rat skeletal muscle assuming different subunit  
pools 

LDH bg/g ~ Observed (%) Expected b (%) Observed % [ % expected 

Pool 1: Ar + AaB 

A 4 41.2 86.5 87.1 1.0 
A~B 6.46 13.5 12.3 1.1 
A~B~ --  --  0.87 - -  
A B  a - -  - -  0 . 0 1 5  - -  

B4 - -  - -  0.0002 - -  

Pool 2: A2B 2 + AB a + B 4 

A~ - -  - -  0.46 - -  

A3B --  - -  5.2 - -  
A2B ~ 0.52 33.9 22.2 1.5 
AB 3 0.56 36.4 42.1 0.9 
B4 0.46 29.7 30.0 1.0 

Taken from FRITZ et al. t~ b The values expected for the random combination of A and 13 subunits.  Pool 1 : 96.6% A and 3.4% 13 subuults. 
Pool 2: 26% A and 74% B subunits.  The expected values were calculated as described in the legend of Table I. 
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Table III. Relationship between observed and expected proportions of LDH isoenzymes in rat heart 
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LDH ~zg/g ~ Observed (%) Expected b (%) % Observed/% expected 

A 4 0.77 0.6 0.1 6.0 
AaB 3.0 2.3 2.0 1.15 
A3B 3 12.8 9.9 13.5 0.73 
AB 3 57.2 44.4 39.8 1.12 
B 4 55.0 42.7 43.9 0.97 

Taken from FRITZ et al. :~ b The values expected for the random combination of 18.4% A and 81.5% B subunits from a single subunit pool 
These values were calculated as described in the legend of Table I. 

association11 and  d i f ferent ia l  turnover3,1:  of L D I t  
subuni t s  in r a t  t issues m a y  s imply  ref lect  cellular he tero-  
gene i ty  of the  t issues s tudied.  

I t  is known t h a t  skeletal  muscles  are composed  of 
d i f ferent  f ibre t y p e s  These f ibres have  been  grouped  in to  
3 main  classes on the  basis  of the i r  con t rac t ion  t imes,  
g lycolyt ic  capaci ty ,  and ox ida t ive  capac i ty  :3. Fu r the r -  
more,  h i s tochemica l  and e lec t rophore t ic  s tudies  have  
d e m o n s t r a t e d  d i f fe rent  re la t ive  a m o u n t s  of the  L D H  
isoenzymes  in d i f fe rent  f ibres of the  same skeletal  
muscle  13, :4. The cellular he te rogene i ty  of ra t  h ind  l imb 
muscu la tu re  wi th  respec t  to  L D H  is ev iden t  f rom inspec- 
t ion  of Table  I. The ~zg of each L D H  form per  g of muscle  
as ~eported by  FRITZ et  al. :0 are given in the  2nd column 
and the  pe rcen tages  of each t e t r a m e r  in the  to ta l  L D H  
popula t ion  are l is ted in the  3rd column. F r o m  these  
values, it  can be ca lcula ted  t h a t  the  to ta l  L D H  of these  
muscle p repa ra t ions  is composed  of abou t  94% A and  6% 
B subuni ts .  The re la t ive  amoun t s  of the  5 t e t r amer s  
expec ted  on the  basis of r a n d o m  combina t ion  of A and B 
po lypep t ides  f rom a single subun i t  pool  were t hen  calcul- 
a ted  (Table I, 4 th  column).  The last  co lumn l is ts  the  
observed to expec ted  ra t io  for each isoenzyme.  This  ra t io  
should a lways be 1.0 if all of the  subuni t s  are con ta ined  
in a single subun i t  pool (cell type)  and  if t hey  associate  in 
a r a n d o m  fashion.  The fact  t h a t  th is  rat io is 17.3 for t he  
AB 3 enzyme  and  near ly  1000 for L D H  B4 vehile the  rat ios  
for the  o the r  forms are be tween  0.63 and 1.06 s t rong ly  
suggests  t h a t  AB 3 and  B 4 are der ived  f rom ceils o ther  t h a n  
those  t h a t  con ta in  t he  A 4 homote t r amer .  The a r g u m e n t  
m a y  be posed t h a t  the  var ia t ions  be tween  observed 
and expec ted  ra t ios  ref lect  n o n - r a n d o m  associat ion of the  
subuni ts ,  a l though  the  subuni t s  themse lves  are all 
located  wi th in  t he  same intraceHular  pool. This a r g u m e n t  
seems unlikely in views of the  high ra t io  for the  AB 3 
a symmet r i ca l  hyb r id ;  in those  sy t ems  where  non- 
r a n d o m  associat ion of L D H  subuni t s  has  been demons-  
t r a t ed : , 6  the  h o m o t e t r a m e r s  and  the  symmet r i ca l  

hybr id  A~B2 are h ighly  favoured  over  the  a symmet r i ca l  
forms.  Fu r the rmore ,  good ag reemen t  be tween  observed 
and  expec ted  values of i soenzymes  is ob ta ined  if t he  
to ta l  L D H  is assumed to be der ived f rom di f ferent  cell 
t ypes  (subuni t  pools). As shown in Table  II ,  pool  1 is 
assumed t o  conta in  A 4 and A~B amoun t ing  to abou t  97% 
of the  to ta l  L D H .  Pool  2 conta ins  A2B 2, AB 3 and  t34 
a m o u n t i n g  to only  3% of the  to ta l  L D H .  The 'observed  to 
expec ted '  ra t ios  for A 4, AaB, ABe, and  B 4 (0.9-1.1) are 
now close to the  theore t ica l  value of 1.0 (Table II ,  last  
column).  The s o mew h a t  h igher  ra t io  for A~B 2 (1.5) is 
expec ted  since some co n t ami n a t i o n  of th is  en zy me  by  
Aa]32 der ived f rom pool 1 would occur. These  results ,  
t oge the r  wi th  the  knowledge t h a t  skeletal  muscles  are 
composed  of d i f fe rent  f ibre types ,  s t rongly  suggests  t h a t  
associat ion of L D H  subuni t s  wi th in  t he  same ra t  skeletal  
muscle  cell is a r a n d o m  process.  

Similar  cons idera t ions  of the  da t a  ob ta ined  by  FRITZ 
et  al. 10 on ra t  hea r t  are p resen ted  in Table I I I .  As shown, 
there  is a general  cor respondence  be tween  the  p ropor t ions  
of the  t e t r amers  observed and  those  expec ted  for t he  
r a n d o m  combina t ion  of 18.4% A and  81.5~ 13 subuni t s  
f rom a single subun i t  pool (Table I I I ,  las t  c o l u m n )  
There  is one ma jo r  except ion:  The p ropor t ion  of A4 
observed is 6-fold grea te r  t h a n  t h a t  expected.  The 
a m o u n t  of A 4 p resen t  in the  hea r t  p repa ra t ion  is only 
0.6% of the  to ta l  L D H  (Table 11I, 3rd column) and  could 
easily be der ived f rom a small  popula t ion  of cells which 
are d i f ferent  f rom a major  cell t y p e  t h a t  conta ins  grea ter  
t h a n  99% of t he  to ta l  LDH.  

l: p. j .  FRITZ, E. L. WHITE and E. S. VESELL, Fedn. Proc. 29, 735 
(1970). 

le j .  B. PETER, R. J. BARNARB, V. R. EDGERTON, C. A. GILLEgP1E 
and I4. E. STE1ViPEL, Biochemistry 77, 2627 (1972). 

13 I. A. BRODY, Ann N.Y. Aead. Sei. J51, 587 (1968). 
14 p, j .  ~C~ILLAN and R. L. WITTUM, J. Histoehem. Cytochem. 79, 

421 (1971). 

Table IV. Relationship between observed and expected proportions of LDH isoenzymes during rat heart development~ 

Birth + 10 days + 20 days + 60 days 

LDH % obs O/E % obs O/E % obs O/E % obs O/E 

A~ 8.6 (1.1) 4.9 (2.9) 2.3 (3.2) 1.2 (3.7) 
A~B 26,9 (1.0) 14.8 (1.2) 8.7 (1.3) 3.5 (0.9) 
A2B ~ 40.3 (1.1) 24.6 (0.8) 21.2 (0.8) 18.6 (1.0) 
AB 3 16.1 (0.7) 31.0 (0.8) 38.5 (0.9) 41.9 (1.0) 
B 4 8.1 (1.5) 24.6 (1.5) 29.3 (1.1) 34.9 (1.0) 

The picomoles of each LDH isoenzyme per g of rat heart were estimated from the data of FRITZ et al a and the % of each form in the 
total LDH popiulaton calculated. The ratio of observed to expected proportions (O/E) of each isoenzyme was calculated as described in the 
legend of Table I. 
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Fu r the r  suppor t  of the  suggestion t h a t  L D H  subuni t  
associations in ra t  hear t  cells is a r andom process  is 
obta ined f rom considerat ion of the  deve lopmenta l  da ta  
repor ted  by FRITZ et al. 3. Table  IV shows the  es t imated 
percentages of each t e t r amer  at  different  t imes  during 
deve lopment  of the  ra t  hear t  as well as the  rat ios of these 
values to those expected for the  r andom combina t ion  of 
A and B subunits  from a single subuni t  pool. For  all 
hybr id  te t ramers ,  the  'observed to expected '  ratios do not  
v a r y  by more than  30% from the  theoret ica l  value  of 1.0 
and in m a n y  cases are quite  close to un i ty  (Table IV). 
Considering the  extens ive  scat ter  in the  deve lopmenta l  
da t a  (ref.8, Fig. 1) the correlat ions be tween  observed and 
expected values  are striking. The somewhat  higher  rat io 
for B~ (1.5) at  b i r th  and + 1 0  days is par t ia l ly  due to the  
diff iculty in es t imat ing the  concentra t ions  of this  enzyme 
a t  early stages. Final ly ,  the increasing 'observed to 
expected '  rat io of A~ wi th  development ,  fur ther  supports  
the  suggestion (see above) t h a t  most  of the  A 4 in homo-  
genates of adul t  ra t  hear t  is der ived from cells o ther  than  
those t h a t  conta in  the  o ther  4 isoenzymes : Not ice  t h a t  the 
propor t ion  of A~ decreases from about  9% to about  1% of 
the  to ta l  L D H  be tween  bi r th  and adul thood (Tables I I  
and I I I ) ,  while the  'observed to expected '  rat io increases 
f rom 1.1 to 6 during the  same time. This increase in rat io 
would be expected since the  re la t ive  cont r ibut ion  of A 4 
der ived f rom the  pos tu la ted  minor  cell t ype  would be in- 
creasing dur ing hear t  development .  

Very recently,  FRITZ et al.~5 have  presented fur ther  
da ta  on the  s teady-s ta te  concentra t ions  of L D H  iso- 
enzymes in ra t  skeletal  muscle and heart .  These da ta  are 
considerably different  f rom those published previously  ~0. 
However ,  calculat ions of 'observed to expected '  rat ios 
using these la t te r  da ta  again suggested the  cellular hetero-  
genei ty  of these tissues wi th  respect  to L D H ;  the  per- 
centage of A~ in hear t  was 9 t imes  greater  t han  expected,  
while the  'observed to expected '  ratios for the  isoenzymes 
in muscle ranged f rom 0.16 to 6200. 

FRITZ et al. 3 have  proposed tha t  different ial  intra-  
cellular tu rnover  of L D H  isoenzymes occurs in ra t  tissues. 
For  example,  these workers ini t ia l ly  repor ted  tha t  in ra t  
hear t  the  ra te  cons tant  for degradat ion  of L D H  A 4 is 
about  8 t imes  greater  t han  tha t  for LDFI B4, while in 
skeletal  muscle, the  degradat ion  cons tant  for A 4 is 
about  20 t imes  less t han  for Ba n. Considerably different  
ra te  constants  appeared in thei r  la ter  paper  ~a. I t  is 
apparen t  that ,  in bo th  tissue preparat ions ,  the  two 
homote t ramers  were der ived f rom different  cell types  and, 
consequently,  these da ta  cannot  be used to describe 
tu rnover  of isoenzymes wi th in  the same cell. Fur thermore ,  
a l though FRITZ et al.n,~a have  repor ted  heterogeneous 
ra te  constants  for degradat ion  of ~soenzymes p resumably  
located wi th in  the  same cells, their  own da ta  on the  
kinetics of incorporat ion of ~4C-labeled amino acids into 
the isoenzymes of ra t  hear t  s is clearly consistent  wi th  the  
suggestion t h a t  L D H  isoenzymes wi th in  the  same cell, 
tu rn  over  at  the  same rate.  Al though much  scat ter  in the  
da ta  is apparen t  f rom inspect ion of their  figure 23, the 
observed t ime  courses of labeling of L D H  AsB, A~B~, AB~ 
and B 4 are qui te  similar.  Since the  t ime  course of in.- 
corporat ion of rad ioac t iv i ty  into protein upon cont inuous 
adminis t ra t ion  of isotopically labeled amino acids is 
di rect ly  re la ted to the  ra te  cons tan t  for degradat ion  of 
the  prote in  (and, therefore,  to the  rate  of turnover) ,  
these da ta  suggest t h a t  the  4 isoenzymes tu rn  over  at  the  
same, or similar, rates. The  kinetics of ~C incorporat ion 
into A 4 (presumably der ived f rom another  cell type) 
suggests t ha t  this  enzyme turns  over  at  a considerably 
higher  ra te  than  the o ther  isoenzymes. The  s imple 
in te rpre ta t ion  tha t  the  different  kinetics of labeling 

observed is a ref lect ion of t issue he terogenei ty  is, perhaps,  
more consis tent  wi th  the  da ta  t h a n  the  in te rpre ta t ion  
offered by  FRITZ et al. a which is based on compute r  
analyses of complex ra te  equat ions  for prote in  synthesis,  
pro te in-prote in  interactions,  and prote in  degradat ion.  
The predicted incorpora t ion  kinet ics  for ra t  hear t  LDt-I 
A3Ba (Figure 2), f rom thei r  compute r  analysis, are 
considerably different  t han  those observed and suggest 
t ha t  the ra te  of t u rnove r  of this  enzyme is higher  t han  
those of A~B~ AB 3, and B~ bu t  is lower than  t h a t  of A v 
By  v i r tue  of the high conten t  of A subunits  in this te t ra-  
mer, the  predicted kinet ics  of 14C incorporat ion into A3B 
would be h ighly  influenced by using erroneous ra te  
constants  for synthesis  and degradat ion  of A subunits.  

In  v iew of the  present  discussion i t  is qui te  possible 
tha t :  1. The  observed non- random associat ions of LDI-I 
subunits  in homogenates  of cer ta in  ra t  t issues are due to 
the  existence of different  subuni t  pools in the  in tac t  
t issue ra ther  t han  to the  non- random associat ion of L D t t  
subunits  wi th in  the  same cell. 2. The observed hetero- 
geneous rates of tu rnover  of the  L D H  forms m a y  re- 
present  different  rates of tu rnover  in different  cell types  
ra ther  t han  different ial  t u rnove r  of the  isoenzymes 
wi th in  t he  same cell. Therefore,  i t  is not  ye t  clear whe ther  
or not  regula tory  mechanisms other  t han  those tha t  
control  rates of subuni t  synthesis  (gene t ranscr ipt ion,  
message t ranslat ion,  etc.) are involved  in control l ing the  
re la t ive  levels of L D H  isoenzymes in m a m m a l i a n  cells. 

The model  proposed by  FRITZ et  al. * can surely be 
tested.  P rov ided  subuni t  exchange  be tween  isoenzyraes 
during enzyme isolat ion can be excluded,  then  studies on 
the  tu rnove r  of A and B subunits  der ived f rom the  same 
hybr id  t e t ramers  can be used to tes t  the  model  d i rec t ly  
since the  two subuni t  types  would necessarily be located 
wi th in  the  same cells in the  in tac t  tissue. If, as proposed 
by  FRITZ et  al. 3, the  t u rnove r  of subunits  wi th in  L D H  
te t ramers  is not  coupled as a resul t  of subuni t  exchange 
reactions, and if L D H  A and B subunits  t u rn  over  at  
different  rates wi th in  the  same cell, then  the  differential  
t u rnover  of the  two subuni ts  der ived f rom the  same 
hybr id  te t ra lners  should be demonstrable ,  perhaps by  
-using the  double isotope me thod  described by  ARIAS 
et al. 16. Studies using this exper imenta l  approach  will 
undoub ted ly  suppor t  or refute  the  theory  of FRITZ and 
associates on the  control  of L D H  isoenzyme concentra-  
t ions in m a m m a l i a n  cells. 

Zusammen/assung. FRITZ et  al. 3 haben in Na tu re  New 
Biol. 230, 119 eii1 Modell publiziert ,  m i t  dem sie die 
Regula t ion  der in t raze l lu l i ren  L D H - I s o e n z y m - K o n z e n -  
t ra t ion  erkls Die vor l iegende Arbe i t  zeigt, dass die 
Resu l ta te  yon FRITZ et al. einfacher durch Heterogeni t / i t  
der Zellen des un te rsuchten  Gewebes erkl~rt  werden kann 
als durch ihr Modell mi t  <mon-random association~> der 
L D H - U n t e r e i n h e i t e n  und verschiedenen <~turnover~>- 
Ra t en  der I soenzyme in derselben Zelle. 
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