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L o w  c o n t e n t  o f  m i t o c h o n d r i a l  A T P a s e  in b r G w n  a d i p o s e  t i s sue  is the  
re su l t  o f  p o s t - t r a n s c r i p t i o n a l  r e g u l a t i o n  

J o s e f  H o u g t 6 k ,  P e t e r  T v r d i k ,  S t a n i s l a v  P a v e l k a  a n d  M a r i e  B a u d y g o v ' . i  

I n ~ i i t u t e  o f  P h y s i o l o g y ,  C z e c h o s l o v a k  A c a d e m y  o f  S c i e n c e s ,  142 2 0  P t t i gue .  C z e c h o s l o v a k i ~  

R e c e i v e d  11 O c t o b e r  1991 

The  mI~NA levels o f  ATPase/5 ,  ATPase  6, cy tochrome oxidase (COX) Vlb  and C O X  I subunit~ were found to be 2.4~13.8-fold higher in brown 
adipose  tissue (BAT) than in heart ,  skeletal muscle,  brain and  liver o f  mice. The compar i son  with tissue contents  o f  ATPase  and COX revealed 
that  the sele~=tive, 5-1 l - fold  reduct ion o f  ATPase  in BAT is not caused by decreased t ranscr ipt ion o f  ATPase  genes. Likewise, the ATPase ]~ and 
C O X  Vlb m R N A  levels in cul tured b rown  adipocytes  were also not  influenced by norepinephr ine ,  which activated the expression of  the U C P  gene 

by two orders  o f  magni tude.  The  results indicate that  the biosynthesis  o f  mi tochondr ia l  ATPase  in BAT is post- transcript ionally regulatm~l. 

Brown adipose  tissue; Mi tochondr ion ;  ATPase;  Cytochrom¢ oxidase; Transcript ion;  Nuclear gene 

! .  I N T R O D U C T I O N  

I n  b r o w n  a d i p o s e  t i s s u e  ( B A T ) ,  o x i d a t i v e  p h o s p h o -  
r y l a t i o n  i s  p h y s i o l o g i c a l l y  u n c o u p l e d  d u e  t o  t h e  p r e s -  
e n c e  o f  a t i s s u e - s p e c i f i c  m i t o c h o n d r i a l  u n c o u p l i n g  p r o -  
t e i n  ( U C P ) ,  a n d  t h e  c h e m i c a l  e n e r g y  o f  o x i d i z e d  s u b -  
s t r a t e s  is  f u l l y  c o n v e r t e d  i n t o  h e a t  r a t h e r  t h a n  i n t o  A T P  
f o r m a t i o n  [ 1 ]. T h e  h i g h  o x i d a t i v e  c a p a c i t y  o f  B A T  m i t o -  
c h o n d r i a  i s  n o t  p a r a l e l l e d  b y  p h o s p h o r y l a t i n g  a c t i v i t y  
a n d ,  i n  c o n t r a s t  w i t h  o t h e r  t i s s u e s ,  t h e  c o n t e n t  o f  m i t o -  
c h o n d r i a l  A T P  s y n t h a s e  ( A T P a s e )  i s  e x c e p t i o n a l l y  l o w  
i n  B A T  [2 ,3] .  T h i s  c o n c e r n s  b o t h  t h e  c a t a l y t i c  F t  p a r t  
a n d  t h e  m e m b r a n e - b o u n d  F 0  p a r t  o f  t h e  e n z y m e  [ 2 - 4 ] .  
T h e  m e c h a n i s m  o f  s e l e c t i v e  r e d u c t i o n  o f  A T P a s e  in  
B A T  is  n o t  k n o w n .  M i t o c b o n d r i a l  A T P a s e  i s  c o m p o s e d  
o f  l ! n u c l e u s - e n c o d e d  a n d  2 r n i t o c h o n d r i a l l y  e n c o d e d  
s u b u n i t s  [5 ,6 ]  a n d  t h e  l o w  c o n t e n t  o f  t h e  e n z y m e  m a y  
r e f l e c t  i t s  d e p r e s s e d  s y n t h e s i s  d u e  t o  a r e d u c e d  e x p r e s -  
s i o n  o f  A T P a s e  n u c l e a r  g e n e s .  

I n  t h e  p r e s e n t  s t u d y  w e  c o m p a r e d  t h e  s t e a d y  s t a t e  
m R N A  l e v e l s  o f  r e p r e s e n t a t i v e  m i t o c h o n d r l a l  a n d  n u -  
c l e a r  g e n e s  e n c o d i n g  A T P a s e  a n d  c y t o c h r o m e  o x i d a s e  
s u b u n i t s  i n  B A T  a n d  o t h e r  t i s s u e s  o f  m i c e .  I t  w a s  f o u n d  
t h a t ,  i n  s p i t e  o f  t h e  l o w  c o n t e n t  o f  A T P a s e  i n  B A T ,  t h e  
e x p r e s s i o n  o f  a l l  t h e  g e n e s  t e s t o d  is  h i g h e s t  i n  B A T ,  
i n d i c a t i n g  t h a t  n o t  t r a n s c r i p t i o n a l ,  b u t  e x t r a  t r a n s c r i p -  

Abbreviation8: BAT, b rown  adipose  tissue; ATPase,  mi tochondria l  
A T P  synthase;  Fro, m e m b r a n e  par t  o f  ATPase;  Ft ,  catalytic part  o f  
ATPase;  U C P ,  uncoupl ing protein;  C O X ,  cy tochrome c oxidase. 

Correspondence address: J. Houi t~k,  Insti tute of  Physiology, 
Czechoslovak Academy o f  Sciences, Videftsk~l 1083, 142 20 Prague,  
Czechoslovakia.  

l i o n a l  e v e n t s  a r e  r e s p o n s i b l e  f o r  t h e  s e l e c t i v e  r e d u c t i o n  
o f  t h e  A T P a s e  c o n t e n t  i n  B A T .  

2 .  M A T E R I A L S  A N D  M E T H O D S  

Four-week-old  mice o f  Balb/c outbred  strain were maintained at 
r o o m  temperature ,  on a 12 h light/12 h da rk  cycle. When indicated, 
animals  were exposed to 4°C pr ior  to use. The animals  were killed by 
decapi ta t ion and ti.ssue samples for R N A  isolation were frozen in 
liquid nitrogen. F o r  o ther  assays, 5 ~  homog~.:ates [w/v) were prepa- 
red in 0.25 M sucrose,  10 m M  Tris/HCI, I m M  EDTA,  pH 7.4, and 
filtered through a 250/Jm nylon screen. 

The s tromal-vascular  ceils f rom BAT were isolated and cultivated 
as previously [71. Exper iments  were per formed with cells cultured for 
7 days. 

Total  R N A  was isolated as described in [8] and  checked for  purity 
and  integrity. F o r  Nor the rn  blot  analysis,  20Mg R N A  aliqnots were 
denatured  in the presence o f  glyoxaL separated by eleetrophoresis  in 
1.2% agaros¢ gel and  t ransferred to a nylon membrane  (Hybond-N,  
Amersham)  according to s tandard  procedures  [9]. Hybridizat ion was 
carried out  overnight  at 68°C in 5x Dcnha rd t ' s  solution,  5x SSC, 50 
m M  sodium phosphate ,  pH 6.5. 0. !% SDS and  250 pg/ml o f  herr ing 
sperm D N A .  Blots were washed in 2× SSC, 0.1 ~b SDS (2x | 5  min, 
room temp.)  and 0 . Ix  SSC, 0.1% SDS (2× 15 rain, 55°C). Following 
au torad iography  the blots were s tr ipped for 60 rain a t  95~C in 0. I 
SDS and sequentially re-hybridized with several D N A  pr3bes.  

The e D N A  probes  were generously provided by the following in- 
vestigators: 1.26 kb  E.coR! fragment  o f  the rat ATPase  /~-subunR 
e D N A  in p U C I 9  [10], by Prof.  P.L. Pedersen CI'he Johns  Hopkins  
Universi ty,  Baltimore, USA):  0.4 kb  EcoR1 fragment  o f  the bovine 
C O X  Vlb  subuni t  c D N A  in pT~T3, by Prof. B. K a d c n b a c h  (Phdlips 
Univgrsity.  Marburg ,  Germany) ;  I kb Pst l  fragtncnt o f  the mouse 
U C P  e D N A  in pBR322 [11], by Dr. a. Jao0bsson (Stockholm Uni= 
versity, Sweden); 3 kb E c o R l  f ragment  C o f  rat  m l D N A  (encoding 
C O X  ! and II and  N D  2) in pUNI21  [12], by P r o f  B.D. N©lson 
(Stockholm Universi ty,  Sweden); and  0.5 kb f ragment  o f  rat  m t D N A  
[13] encoding A r P a s e  subuni ts  6 and 8 in the  Bluescribe vector  by Dr  
V. Petrttzella (Universi ty o f  Bari, Bari, Italy). The  clones were li- 
nearizcd and  labeled with [ a -~P]dCl 'P  by random priming.  

The c.ont©nt o f  C O X  and  Ft-ATPas¢ was measured by immunoblot -  
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l ' a  h i e  I 

Spt.~cific c o n t e n t  o f  C O X  a n d  A T P a . , ~  + in  m o u s e  t i s ; u e s  

T i s s u e  C O X  A T P,+ sc  A T P a s o ,  
( ' ( ) X  

A c t i v i t y  ( - O x  I V  f l + s u h u n i t  
(.urn olesJ  c o n l e n l  c o n t e n t  

m i n / m g  p r o t e i n )  4 a U ; m g  l a U / m g  
p r o t e i n  ) p r o t e i n )  

l a v e r  0+72 _~ 0 . 1 2  3 7  _+. 4 3 6  ± 2 0 , 9 7  
B r o w n  1 .72  ± 0 . 4 2  l O 0  ± 2 5  17 ± 2 0 , 1 7  
a d i p o s e  
H e a r t  1+22 ± 0 1 4  I 0 0  +_ 17 t O 0  ± t O  1 .00  
M u s c l e  0 . 2 6  ± 0+08 17 _+ 4 3 2  ± 13 1+88 
B r a i n  0 . 6 6  _+3- 0 . 1 8  2 6  + 3 22 ± 4 0 8 5  

C~OX a c t i v i t y  w a s  m e a s u r e d  s p e c t r o p h o t o m g t r i c a l l y ,  t h e  c o n t e n t  o f  
C O X  I V  a n d  o f  A T P a s e  f l - s u b u n i t s  w . s  d e t e r m i n e d  b y  W e s t e r n  b l o t  
a n a l y s i s  u s i n g  t i s s u e  h o m o g e n a t e s .  I m m u n e  c o m p l e x e s  o f  t h e  r e s p e c -  
t i v e  s i g n a l s  w e r e  e v a l u a t e d  b y  d e n s i t o m e t r y ,  a n d  s p e c i f i c  c o n t e n t  o f  
s u b u n i t s  w a s  e x p r e s s e d  in  a r b i t r a r y  u n i t s  ( a U ) / m g  p r o t e i n  in  r e l a t i o n  
t o  t h e  v a l u e s  o b s e r v e d  in h e a r t .  T h e  v a l u e s  a r e  m e a n s  ± S l 3 q n  = 4 - 6 ) .  

t i n g  a s  b e f o r e  [14  i u s i n g  r a b b i t  a n t i s e r a  t o  r a t  h e a r t  c ) t o c h r o m e  o x i -  
d a s e  s u b u n i t  I V  [ 1 5 l  a n d  b o v i n e  h e a r t  F t - A T P a s e  [16] .  T h e  p r o t e i n  
c o n t e n t  w a s  d e t e r m i n e d  a s  d e s c r i b e d  [ I 7]  u s i n g  B S A  as s l a n d a r d .  F o r  
d e n s i t o m e t r i c  s c a n n i n g  o f  N o r t h e r n  a n d  W e s t e r n  b l o t s  M o l e c u l a r  
D y n a m i c s  D e n s i t o m e t e r  a n d  S h i m a d z u  T L C  S c a n n e r  C S  9 3 0  w e r e  
u s e d .  

3. R E S U L T S  A N D  D I S C U S S I O N  

W i t h  t h e  a i m  t o  i n v e s t i g a t e  t h e  e v e n t s  r e s p o n s i b l e  f o r  
t h e  l o w  c o n t e n t  o f  A T P a s e  in  B A T +  s e v e r a l  m o u s e  t i s -  
s u e s  w e r e  f i rs t  a n a l y z e d  f o r  t h e  c o n t e n t  o f  A T P a s c  a n d  
c y t o c h r o m e  ¢~xidase.  S i n c e  A T P a s e  d e c r e a s e s  in  B A T  
w i t h  i n c r e a s i n g  t h e r m o g e n i c  c a p a c i t y  [I  4], c o l d - e x p o s e d  
(3 d a y s )  a n i m a l s  w e r e  u s e d .  A s  s h o w n  in T a b l e  I ,  b o t h  
t h e  C O X  a c t i v i t y  a n d  C O X  c o n t e n t ,  m e a s u r e d  i m m u n o -  
c h e m i c : ~ l l y  a s  t h e  c o n t e n t  o f  t h e  C O X  I V  s u b u n i t ,  w e r e  
f o u n d  t o  b e  h i g h e s t  in  B A T ,  w h e n  c o m p a r e d  w i t h  h e a r t ,  
l i v e r ,  m u s c l e  a n d  b r a i n .  O l i g o m y c i n - s e n s i t i v e  A T P a s e  
a c t i v i t y  c a n n o t  b e  p r e c i s e l y  m e a s u r e d  in  t i s s u e  h o m o g e -  
n a t e s "  t h e r e f o r e ,  t h e  e n z y m e  w a s  q u a n t i f i e d  a s  t h e  c o n -  
t e n t  o f  t h e  h i g h l y  h o m o l o g o u s  A T P a s c  ~ - s u b u n i t  [6 ,18]  
u s i n g  a n t i - F ~  a n t i b o d i e s ,  i n  l i n e  w i t h  p r e v i o u s  r e p o r t s  
[2,3] t h e  c o n t e n t  o f  A T P a s e  w a s  l o w e s t  in  B A T ,  b o t h  
a b s o l u t e l y  a n d  in  r e l a t i o n  t o  t h e  C O X  c o n t e n t .  T h e  
r e s p e c t i v e  A T P a s e / C O X  r a t i o  w a s  t h u s  5 - 1 1 - t i m e s  
l o w e r  in  B A T .  

I n  a n  a t t e m p t  t o  d e t e r m i n e  w h e t h e r  t h e  t r a n s c r i p t i o n  
o f  g e n e s  f o r  A T P a s e  s u b u n i t s  is  s u p p r e s s e d  in  B A T ,  t h e  
t o t a l  R N A  i s o l a t e d  f r o m  d i f f e r e n t  m o u s e  t i s s u e s  w a s  
a n a l y z e d  b y  N o r t h e r n  b l o t t i n g .  T h e  s t e a d y  s t a t e  l e v e l s  
o f  t r a n s c r i p t s  o f  n u c l e a r  g e n e s  f o r  t i s s u e - u n s p e c i f i c  [! 9] 
C O X  V l b  s u b u n i t  a n d  f o r  t h e  c a t a l y t i c  A T P a s e  f l - s u b -  
u n i t ,  a s  we l l  a s  o f  m i t o c b o n d r i ~ l  g e n e s  f o r  A T P a s e  6 a n d  
C O X  I s u b u n i t s ,  w e r e  m e a s u r e d  ( F i g .  i ) .  T h e  h i g h e s t  
l e v e l s  o f  C O X  V I b  m R N A  w e r e  f o u n d  in  B A T  a n d  w e r e  
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F i g .  I .  N o r t h e r n  b l o t  a n a l y s i s  o f  t r a n s c r i p t s  o f  t w o  n u c l e a r  a n d  t w o  
m i t o c h o n d r i a l  g e n e s  c o d i n g  f o r  s u b u n i t s  o f  A T P a s c  a n d  C O X .  2 0 ~ g  
a l i q u o t s  o f  t o t a l  R N A  f r o m  m o u s e  i i w r  ( L ) .  b r o w n  a d i p o s e  t i s s u e  
( B A ) ,  h e a r t  ( H ) ,  s k e l e t a l  m u s c l e  ( M )  a n d  b r a i n  ( B )  w e r e  a n a l y z e d .  
S e q u e n t i a l  h y b r i d i z a t i o n  w a s  p e r f o r m e d  w i t h  a p p r o p r l a t c  ' 2 P - | a b e l e d  
e D N A  p r o b e s  f o r  t h e  C O X  V l b  s u b u n i t .  C O X  I s u b u n i t ,  A T P a s e  
f l - $ u b u n i t  a n d  A T P a s e  6 s u b u n i t o  T h e  p o s i t i o n  o f  2 8  S a n d  18  S 
r i b o s o m a l  R N A  is i n d i c a t l ~ d .  T h e  c o n t e m t  o f  t r a n s c r i p t s  e v a l u a t e d  
f r o m  a u t o r a d i o g r a p h s  b y  d e n s i t o m c t r y  w a s  e x p r e s s e d  in  ~ o f  v a l u e  

f o r  h e a r t ,  

l o w e r  in  h e a r t ,  m u s c l e ,  b r a i n  a n d  l i v e r ,  a n d  a s i m i l a r  
p a t t e r n  w a s  o b t a i n e d  in  t h e  c a s e  o f  C O X  ! m R N A .  T h e  
t o t a l  R N A  f r o m  B A T  a l s o  c o n t a i n e d  t h e  h i g h e s t  l e v e l s  
o f  t r a n s c r i p t s  o f  A T P a s e  s u b u n i t s  o f  b o t h  n u c l e a r  m i t t  
m i t o c h o n d r i a l  o r i g i n .  T h e  o b s e r v e d  p r o f i l e s  in  d i f f e r e n t  
t i s s u e s  w e r e  a g a i n  v e r y  s i m i l a r  t o  t h o s e  o f  m R N A s  o f  
C O X  s u b u n i t s  i n d i c a t i n g  t h a t  t h e  l e v e l s  o f  n u c l e a r  t r a n -  
s c r i p t s  o f  A T P a s e  a n d  C O X  s u b u n i t s  a r e  in  c l o s e  r e l a -  
t i o n  ( t h e  A T P a s e  f l - s u b u n i t  m R N A / C O X  V I b  m R N A  
a r b i t r a r y  r a t i o  w a s  1 .26  in  l i v e r ,  0 . 8 5  in  B A T ,  I in  h e a r t ,  
1.1 in  m u s c l e  a n d  0 . 8 7  in  b r a i n )  a n d  t h a t  t h e  e x p r e s s i o n  
o f  n u c l e a r  a n d  m i t o c h o n d r i a l  g e n e s  i n v e s t i g a t e d  is  w e l l  
c o o r d i n a t e d  in  t i s s u e s  t h a t  d i f f e r  2 . 4 - 1 3 . 8 - f o l d  ( B A T  vs .  
o t h e r  t i s s u e s )  in  t r a n s c r i p t i o n a l  a c t i v i t y  ( T a b l e  I I ) .  T h e  
r e s u l t s  a r e  in  a g r e e m e n t  w i t h  t h e  d i f f e r e n t i a l  e x p r e s s i o n  
o f  t h e  A T P a s e  f i - s u b u n i t  g e n e  in  h u m a n  t i s s u e s  [18] a n d  
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T a b l e  i l  

R e l a t i v e  l eve l s  o f  A T P a s e / ~ - s u b u u i !  a n d  C O X  V l b  m R N A s  in m o u s e  
t i s sues  

Ti ss ue , 0 -Subun i l  m R N A  C O X  r i b  m R N A  ] J - subun i t  m R N A  

C O X  V l b  m R N a  

( / m s  ( / a U  ( / m g  ( l a U  
t i s sue )  A T P a s e )  t i s sue )  C O X )  

L i v e r  2 .78 0.37 2 .20  0 .29  1.26 
B r o w n  25 .87  7.g4 30.27 1.54 0 . g 6  
a d i p o s e  
H e a r t  10.75 0 .70  10.75 0 .70  1.00 
M u s c l e  3.17 ! .50 2.87 1.79 1.10 
Brain 2.65 0.56 3.05 1.22 0.87 

l ~ n s i l o m e t r i c  d a t a  o f  f l - s u b u n i t  a n d  C O X  V l h  m R N A s  w e r e  ex-  
p r ea scd  in  % o f  h e a r t  va lues .  R e l a t i v ~  levels  o f  t r a n s c r i p t s  w e r e  ca l cu -  
l a t e d  p e r  m g  we t  w e i g h t  a n d  in r e l a t i o n  to  t he  c o n t e n t  o f  A T P a s ¢  a n d  
C O X ,  r e spec t i ve ly .  T h e  m e a n  o f  mRNA v a l u e s  d e t e r m i n e d  f r o m  3 
N o ~ h e h a  b lo t s ,  p e r f o r m e d  a s  in F ig .  I ,  a n d  W e s t e r n  b l o t t i n g  d a t a  

f r o m  T a b l e  I, w e r e  u s e d  for  c a l c u l a t i o n s .  

2 8 5  --~ 

1 8 S  --~ 

2 8 S  --~ 

U C P  

I I 

c I N. l,:c 
c A M P  C 

I II I 

B A T  c e l l s  B A T  
I I I I I 

a l s o  w i th  p r e v i o u s  f i n d i n g s  o f  c o o r d i n a t e d  e x p r e s s i o n  o f  
C O X  I l l  a n d  C O X  V!,.  g e n e s  in r a t  t i s sues  [20]. M o s t  
i m p o r t a n t l y ,  h o w e v e r ,  t he  r e s u l t s  r u l e  o u t  t h e  p o s s i b i l i t y  
t h a t  t h e  l o w  c o n t e n t  c f A T P a s e  in  B A T  r e s u l t s  f r o m  low 
levels  o f  t r a n s c r i p t s  o f  t he  n u c l e u s - e n c o d e d  A T P a s e  
s u b u n i t s  d u e  t o  t r a n s c r i p t i o n a l  r e g u l a t i o n .  

T h e  t r a n s l a t i o n a l  e f f i c i ency  o f  m R N A s  o f  A T P a s e  
s u b u n i t s  t h e r e f o r e  a p p e a r s  t o  b e  e x t r e m e l y  l o w  in B A T .  
T h i s  is indica te~l  in  T a b l e  I !  w h e r e  t h e  a m o u n t s  o f  
A T P a s e / ~ - s u b u n i t  a n d  C O X  V I b  t r a n s c r i p t s  w e r e  c a l c u -  
l a t e d  p e r  m g  w e t  w e i g h t  a n d  w e r e  a l s o  r e l a t e d  t o  the  
c o n t e n t  o f  c o r r e s p o n d i n g  e n z y m e  in e a c h  t i ssue .  T h e  
A T P a s e  f l - s u b u n i t  m R N A / A T P a s c  r a t i o  in B A T  w a s  
t h u s  f o u n d  t o  b e  5 - t i m e s  h i g h e r  t h a n  in m u s c l e  a n d  
1 1 - 1 6 - t i m e s  h i g h e r  t h a n  in  o t h e r  t i ssues .  In  c o n t r a s t ,  the  
C O X  V I b  m R N A / C O X  r a t i o  in  B A T  w a s  w i t h i n  the  
r a n g e  o f  v a l u e s  f o u n d  in o t h e r  t i s sues ,  b e i n g  a l m o s t  the  
s a m e  a s  in m u s c l e  a n d  b r a i n .  

E x p r e s s i o n  o f  s e v e r a l  n u c l e a r  g e n e s  e n c o d i n g  m i t o -  
c h o n d r i a l  p r o t e i n s  h a s  b e e n  s h o w n  t o  b e  d e v e l o p m e n -  
t a l l y  a n d  h o r m o n a l l y  r e g u l a t e d .  T h i s  c o n c e r n s ,  f o r  ex-  
ar r ip le ,  C O X  s u b u n i t s  [21], a c y l  C o A  d e h y d r o g e n a s e  
[22], m a l a t e  d e h y d r o g e n a s e  [22], A D N  t r a n s l o e a t o r  
[23,241 a n d  a l s o  t h e  A T P a s e f l - s u b u n i t  [25]. T h i s  s u b u n i t  
is  o n e  o f  t he  s ix  p r o t e i n s  s e l ec t ive ly  s t i m u l a t e d  in l iver  
b y  t h y r o i d  h o r m o n e s  [25], a n d  r e g u l a t i o n  is a t t a i n e d  in  
d i f f e r e n t  d e v e l o p m e n t a l  s t a t e s  e i t h e r  a t  t r a n s c r i p t i o n a l  
o r  a t  t r a n s l a t i o n a l  leve ls  [25]. I n  B A T  n u m e r o u s  t r o p h i c  
p r o c e s s e s  a r e  c o n t r o l l e d  a n d  m o d u l a t e d  b y  c a t o e h o l a m i -  
nes  ( f o r  r e v i e w  see [26])° i n c l u d i n g  t h e  b i o g e n e s i s  o f  
m i t o e h o n d r i a  [7,27,28].  A c t i v a t i o n  o f  s y n t h e s i s  o f  m i t o -  
c h o n d r i a l  U C P  [7,28] o r  o f  l i p o p r o t e i n  i i p a s e  [291 a r e  
f ine  e x a m p l e s  o f  t r a n s c r i p t i o n a l  r e g u l a t i o n  o f  n u c l e a r  
g e n e s  w h i c h  is a t t a i n e d  t h r o u g h  the  a c t i o n  o f c a t e c h o l a -  
m i n e s  l i b e r a t e d  u p o n  e x p o s u r e  o f  a n i m a l s  t o  c o l d  [26]. 
A s  s h o w n  in F ig .  2 a n d  T a b l e  I I i ,  t he  s t e a d y  s t a t e  level  
o f U C P  m R N A  is h i g h l y  s t i m u l a t e d  in p r i m a r y  B A T  t e l l  

1 8 S  "-~ 

A T  P a s e  I~ 

Fig .  2. N o r t h e r n  b l o t  a n a l y s i s  o f  LICP a n d  A T P a s e  f l - s u b u n i t  m R  N A g .  
20 Aug a l i q u o t s  o f  t o t a l  R N A  i s o l a t e d  From c u l t u r e d  m o u s e  B A T  cel ls  
(C,  c o n t r o l :  Ne ,  I ~ M  n o r e p i n e p h r i n e  fo r  12 h), B A T  of  c o n t r o l  (C)  
a n d  c o l d - e x p o s e d  (4°C;  24 tl) m o u s ~  w e r e  a n a l y z e d  us ing  U C P  ( u p p e r  
pane l}  a n d  A T P a s c  B - s u b u n i t  ( l o w e r  pane l )  e D N A  probes .  T h e  pos i -  

t i o n  o f  28 S a n d  18 S r i b o s o m a l  R N A  is i n d i c a t e d .  

c u l t u r e s  w h e n  e x p o s e d  a t  c o n f l u e n c e  t o  n o r e p i n e p h r i n e  
o r  to  d i b u t y r y l  c A M P .  T h e  level  o f  U C P  m R N A  is a l s o  
f u r t h e r  i n c r e a s e d  in  m o u s e  B A T  when  t h e  a n i m a l s  a r e  
b r i e f ly  e x p o s e d  t o  c o l d  ( F i g .  2). N e i t h e r  in c u l t u r e d  cel ls  
n o r  in B A T ,  howc~,er ,  a r e  these  c h a n g e s  a c c o m p a n i e d  
b y  a n y  c h a n g e  in the  A T i J a s c  f f - s u b u n i !  m R N A  levels .  
T h e  e x p r e s s i o n  o f  the  A T P a s e  f l - s u b u n i t  gene  t h u s  d o e s  
n o t  s eem to  be  i n f l u e n c e d  in H A T  by  n o r e p i n e p h r i n e  
a n d  c h a n g e s  in i n t r a c e l l u l a r  c A M P  levels .  T h e  s a m e  
s e e m s  t o  be  t r ue  fo r  the  C O X  V l b  gene  ( T a b l e  l I l ) .  
T h e s e  o b s e r v a t i o n s  a r e  in a g r e e m e n t  wi th  W e s t e r n  b l o t  
d a t a  o n  the  s y n t h e s i s  o f  U C P ,  F i - A T P a s e  a n d  c y t o -  

T a b l e  i l i  

Ef fec t  o f  n o r e p i n © p h r i n c  on  U C P .  A T P a s e  ~ - s u b u n i t  a n d  C O X  V l b  
m R N A  leve l s  in  eul tul rcd B A T  ce l l s  

m R N A  R e l a t i v e  c h a n g e  a f t e -  h o r e p i n e p h r i n e  s t i m u l a t i o n  

U C P  >~ 100 
A T P a s c  p 0 .96  _ 0.22 
C O X  V I b  0.88 -+ 0 .26  

T h e  levels  o f  t r a n s c r i p t s  in c u l t u r e d  B A T  ce l l s  s u p p l e m e n t e d  fo r  12 h 
w i t h  I ~ M  n o r e p i n © p h r i n e  ~ c  r e l a t ed  to  t he  r e s ~ - t i v e  levels  o f  
t r a n s c r i p t s  in  c o n t r o l  cells.  D a t a  a r c  the  m e a n  +-- S D  o f  4 ex lac r imen t s .  
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c h r o m e  o x i d a s e  in c u l t u r e d  B A T  c e l l s  [7 ,27 ]  a n d  s u g g e s t  
t h a t  t h e  c o n t r o l  o f  A T P a s e  s y n t h e s i s  in  B A T  is a t t a i n e d  
a t  a p o s t - t r a n s c r i p t i o n a l  l e v e l .  

F u r t h e r  e x r ~ r i m e n t s  w o u l d  b e  n e c e s s a r y  t o  e x a c t l y  
d e t e r m i n e  w h i c h  s t e p  in  A T P a s e  s y n t h e s i s  a n d  a s s e m b l y  
i s  r a t e - l i m i t i n g  in  B A T  a n d  w h a t  a r e  t h e  p u t a t i v e  r e g u l a -  
t o r y  f a c t o r s  i n v o l v e d .  P r e l i m i n a r y  d a t a  o n  t h e  s t a b i l i t y  
o f  m R N A s  in  B A T  ( P .  T v r d i k  a n d  J .  H o u ~ I t 6 k .  u n -  
p u b l i s h e d )  a r e  r a t h e r  i n  f a v o r  o f  t h e  c o n t r o l  o c c u r r i n g  
a t  t r a n s l a t i o n a l  o r  p o s t - t r a n s l a t i o n a l  l e v e l s .  
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