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(Table  II) ,  in good a g r e e m e n t  w i t h  pub l i shed  d a t a  ob- 
t a i n e d  a t  h igher  p H  va lues  9, ~0 Th i s  is s ign i f ican t ly  larger  
t h a n  t he  m a x i m u m  va lue  for t he  assoc ia t ion  of peps in  
w i t h  n a t i v e  o v a l b u m i n .  

The  t e m p e r a t u r e - d e p e n d e n c e  of Krn (Table  I) yields 
va lues  for t he  changes  in n o r m a l  e n t h a l p y  and  e n t r o p y  
t h a t  are  no t  s ign i f i can t ly  d i f fe ren t  for t he  2 forms of t he  
subs t ra t e .  The  large errors  i n h e r e n t  in  t h e  m e t h o d  used 
for o b t a i n i n g  those  va lues  do no t  al low a f ine i n t e r p r e t a -  
t ion,  b u t  i t  is s ign i f ican t  t h a t  the  assoc ia t ion  of peps in  and  

o v a l b u m i n  is all e n d o t h e r m i c  process  w i t h  a large in- 
crease in en t ropy .  Th i s  also occurs  in t h e  pep t i c  hydro lys i s  
of smal l  s y n t h e t i c  s u b s t r a t e s  n,  a n d  would  ind ica t e  t h a t  
h y d r o p h o b i c  b o n d i n g  p lays  a p r e p o n d e r a n t  role in  t h e  
assoc ia t ion  of peps in  w i t h  i ts  subs t ra t e .  

Rdsumd. P a r t a n t  de l 'e f fe t  de la t e m p 6 r a t u r e  sur  la 
c in~t ique  de la p ro%olyse  p e p t i q u e  de l ' o v a l b u m i n e  
n a t i v e  ou denatur~e ,  on a es t im6 l%nergie d ' a c t i v a t i o n ,  
l ' en tha lp i e  et  ! ' en t rop ie  de l ' a s soc ia t ion  e n z y m e - s u b s t r a t .  

Table II. Effect of temperature on the rate of acid denaturation of 
ovalbumin 

Temperature (~ 25.0 30.0 35.0 40.0 
h I • 108 (mid -1) 7 20 55 130 
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The first-order rate constants (/~i) were estimated by following the 
decrease of solubility of 2.5 • 10-4M ovalbumin solutions kept at 
pH 0.8. The solubility was determined by periodically removing 
aliquots that were diluted 40-folt with 2M acetate buffer (pH 4.75} 
containing 0,5 M MgSO~, add reading the absorbanee of the filtrate 
at 275 rim. 
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N o r e p i n e p h r i n e - S e n s i t i v e  N a + / K +  A T P a s e  A c t i v i t y  

N o r e p i n e p h r i n e  (NE) released f rom s y m p a t h e t i c  neu-  
rona l  t e r m i n a l s  appea r s  to  m e d i a t e  the  increased t h e r m o -  
genesis in  b r o w n  adipose  t i ssue  du r ing  cold s t ress  2, a. This  
response,  wh ich  is b locked  b y  f l -adrenergic an tagon i s t s ,  
a p p a r e n t l y  invo lves  a c t i v a t i o n  of l ipolysis v ia  t he  a d e n y l  
cyclase, Y, 5 '-cyclic A M P  system4,  5. However ,  t he  bio- 
chemica l  m e c h a n i s m s  u n d e r l y i n g  t h e  N E - s t i m u l a t i o n  of 
r e sp i r a t ion  in b r o w n  fa t  are sti l l  con t rove r s i a l  a. 

The  uncoup l ing  agent ,  2 ,4 -d in i t ropheno l  (DNP),  
in jec ted  i.v. in to  co ld-acc l imated  rats ,  enhances  t he  
t h e r m o g e n i c  response  of the  b r o w n  fa t  du r ing  cold s t ress  
as well  as du r ing  N E  a d m i n i s t r a t i o n ;  th i s  impl ies  t h a t  in  
a c t i v a t e d  b r o w n  fat,  r e sp i ra t ion  is coupled  to  ox ida t i ve  
p h o s p h o r y l a t i o n  G, W e  thus  p roposed  a) t h a t  t he  NE-  
induced  r e sp i r a to ry  e l eva t ion  of t he  b r o w n  fa t  in i t i a l ly  
ref lects  increased  ava i l ab i l i t y  of s u b s t r a t e  r a t h e r  t h a n  
of ADP,  a n d  b) t h a t  th i s  is a ccom pan i ed  b y  a n  increased  
cel lular  A T P  r e q u i r e m e n t  6. 

The  f ind ing  t h a t  N E  (whe the r  of exogenous  or n e u r o n a l  
origin) depolar ized  t he  m e m b r a n e s  of these  cells in  v ivo  7, 
sugges ted  t h a t  in t h e  N a + / K  + d i s t r i b u t i o n  and  p e r h a p s  
also t he  N a + / K  + p u m p ,  a l t e r a t ions  m i g h t  occur  du r ing  
s t i m u l a t i o n  of t h e n n o g e n e s i s  b y  t he  ca techo lamine .  Hence  
we e x a m i n e d  t h e  effect  of N E  on  t he  Na+/K+ A T P a s e  
s y s t e m  associa ted  w i t h  t he  m e m b r a n e  ion pump .  

The  m e t h o d o l o g y  en ta i l ed  r e m o v a l  of b r o w n  adipose  
t i ssue  f rom d e c a p i t a t e d  male,  L o n g - E v a n s  r a t s  t h a t  h a d  
been  cold acc l ima ted  (exposure  to  5 ~ 50% R.H. ,  w i t h  
12 h h igh / low l igh t  cycle for 4-8  weeks). The  b rown  fa t  
was  c leared of e x t r a n e o u s  t i ssues  and  t h e n  homogen ized  
in a m i x t u r e  (9/1, vo lume/we igh t )  c o n t a i n i n g  250 m M  
sucrose, 2 m M  E D T A ,  a n d  2 m M  T E S  (N Tris (hydroxy-  
me thy l )  m e t h y l - 2 - a m i n o m e t h a n e  sulfonic acid), p H  7.0 
a t  0~ The  h o m o g e n a t e  was cent r i fuged  10 m i d  a t  
14,000 • g, t h e  over ly ing  f a t  r e m o v e d  and  t he  super-  
n a t a n t  d e c a n t e d  for assay.  A T P a s e  a c t i v i t y  was deter -  
m ined  in 2 med ia  (final v o l u m e  1.5 ml) :  i.e., (A) in  milli-  
moles pe r  l i te r :  20 T E S  (pH 7.2), 27 sucrose, 8.7 KC1, 
70 NaC1, 2.7 E D T A ,  5 MgC12, 4 NaCN, 6.7 Na2ATP 

i n  B r o w n  A d i p o s e  T i s s u e  1 

(Sigma) ; (B) differed f rom (A) on ly  in con ta in ing  190 m M  
sucrose a n d  no KC1 or NaC1. E a c h  r eac t ion  s y s t e m  con-  
t a i n e d  0.477 ~ 0.013 m g  s u p e r n a t a n t  n i t rogenK Af te r  
i n c u b a t i o n  a t  30 ~ for 20 miD, t he  r eac t i on  was t e r m i n a t e d  
w i th  015 ml  1 .0N HC104, t he  t u b e s  cen t r i fuged  a t  0~ 
for 10 ra in  a t  1000 • g and  t h e  inorganic  p h o s p h a t e  in  
the  s u p e r n a t a n t  assayed  9 aga ins t  a p p r o p r i a t e  controls .  
The  Na+/K+ A T P a s e  a c t i v i t y  is here  def ined as t he  
inorgan ic  p h o s p h a t e  re leased in t he  presence  of Na+, K +  
and  Mg++ (med ium A) minus  t h a t  in  t he  absence  of KCI 
and  NaC1 (med ium B)10. 

I n  t he  presence  of NE,  t he  Na+ /K+ A T P a s e  was mar -  
ked ly  s t imu la t ed .  The  increase  was dose d e p e n d e n t  
(Figure) and  m a x i m a l  w i th  6 m M  NE.  The  fac t  t h a t  th i s  
e n h a n c e m e n t  was  abol i shed  b y  o u a b a i n  (Table) suggests  
t h a t  th i s  A T P a s e  is p a r t  of the  N a + / N  + p u m p  assoc ia ted  
w i t h  the  cell m e m b r a n e .  
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Effect of varying concentrations of norepinephrine (NE) on the 
Na§ + ATPase of brown fat. 
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Effect of o~tabain and adrenergic blockers on norepinephrine stimu- 
lation of Na+/K + ATPase of brown fat~ 

Inhibition of NE (6 mM) Stimulation (%) 
Final 
Concentration Ouabain Propranolol Phentolamine 
(mM) (N) (N) (N) 

0.0004 - 1.3 (2) - 
0.004 - 100 (1) - 
0.010 49 :::c- 18 (5) - - 
0.040 97 • 15 (4) 50 ~= 14 (4) 
0.10 96 • 16 (7) - - 
0.40 - 98 (2) 80 (3) 
0.80 100 (1) 73 (3) 
1.0 104 (2) - 102 (1) 
2.0 - loo 0) 

~Values = mean 2~S.E.; (N) = number of trials; 6mM NE 
stimulated the Na+/K + ATPase 97.9 ~c 11.5 % (N = 12 ; mean activity 
with 6 mM NE = 4.507 + 0.106 Izmoles phosphate hydrolyzed/mg 
nitrogen/h). 

In  addi t ion ,  the  response  to  N E  appear s  to  be a t  leas t  
100 t imes  more  sens i t ive  to  t he  f l -adrenergic an tagon i s t ,  
propranolol ,  t h a n  to the  e-blocker,  p h e n t o l a m i n e  (Table).  
Thus,  the  N E - s t i m u l a t i o n  of the  ouaba in - sens i t i ve  A T P a s e  
can  p r o b a b l y  be  cons idered  as a /3  response  and  the re fore  
m a y  be  assoc ia ted  w i th  t h e  adeny l  cyclase sys tem.  W e  
find h o w e v e r  t h a t  theophy l l ine ,  added  over  a wide range  
of concen t r a t i ons  (2 ~zM to 2 raM), ne i t he r  s ign i f ican t ly  
s t imu la t e s  nor  does i t  ac t  synerg is t ica l ly  w i t h  added  NE,  
sugges t ing  t h a t  the  N E  e n h a n c e m e n t  of A T P a s e  a c t i v i t y  
is i n d e p e n d e n t  of cyclic AMP.  Therefore,  if t he  response  
of t he  A T P a s e  ac t i v i t y  to  N E  is re la ted  to the /3-adrenerg ic  
p a t h w a y  as p r e sen t l y  def ined in b rown  fa t  (i.e., t h e  adeny l  
cyclase, cyclic A M P  system),  i t  m u s t  be  associa ted  w i t h  
even t s  occurr ing  pr ior  to  fo rma t ion  of the  cyclic nucleo- 
t ide ;  a l t e rna t ive ly ,  th i s  A T P a s e  s t i m u l a t i o n  rep resen t s  a 
second/3  response  of t he  t issue. 

The  p re sen t  s t u d y  t hus  d e m o n s t r a t e s  t h a t  add i t i on  of 
N E  in v i t ro  enhances  t he  ac t i v i t y  of an  ouaba in - sens i t i ve  
N a + / K  + ATPase .  Moreover,  th i s  s t i m u l a t i o n  is an tag -  
onized b y  low doses of the  /3-blocker, p ropranolo l .  
A l t h o u g h  the  N a + / K  + p u m p  of t he  cell m e m b r a n e  appea r s  
to  be al tered,  the  re la t ionsh ip  be t w een  th i s  p h e n o m e n o n  

and  t h a t  of the  N E - i n d u c e d  m e m b r a n e  depo la r i za t ion  is 
no t  ye t  clear. However ,  t he  exis tence  of a NE-sens i t i ve  
N a + / K  + A T P a s e  is cons i s t en t  w i th  our  p rev ious  p roposa l  
t h a t  N E  induces  an  a l t e red  s t a t e  in t he  b rown  fa t  in 
which  t he  e leva ted  ra t e  of oxygen  c o n s u m p t i o n  (hea t  
p roduc t ion)  is a c c o m p a n i e d  b y  increased A T P  t u r n o v e r .  

Zusammen/assung. N o r e p i n e p h r i n  f6 rder t  in v i t ro  die 
T~ttigkeit e iner  O u a b a i n  empf ind l i chen  N a + / K  + ATPase .  
Diese Wi rkung ,  d u r c h  eine geringe Dosis eines /%adre- 
ne rg i schen  A n t a g o n i s t e n  e ingeschrgnkt ,  s che in t  o f f enba r  
yon  e iner  Y, 5 ' -zykl i schen  AMP u n a b h g n g i g  zu sein. Die 
Tg t igke i t  der  Brenzka tech in - i r l duz i e r t en  A T P a s e  s t i m m t  
m i t  der  Auf fassung  ~berein ,  dass  im a k t i v i e r t e n  b r a u n e n  
F e t t g e w e b e  der  E n e r g i e u m s a t z  z u s a m m e n  m i t  dem ver-  
m e h r t e n  S a n e r s t o f f v e r b r a u c h  ans te ig t .  
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Effect of N a p h t h o q u i n o n e  P i g m e n t ,  X a n t h o m e g n i n  
Rat  Liver M i t o c h o n d r i a  

I t  is well k n o w n  t h a t  mycel ia  of m a n y  species of 
d e r m a t o p h y t e s  p roduce  p i g m e n t s  1-16. Recent ly ,  us ing  
t h in - l aye r  and  co lumn c h r o m a t o g r a p h y ,  severa l  p i g m e n t s  
such  as anrospor in ,  x a n t h o m e g n i n ,  violosporin,  c i t ro-  
sporin,  rubrospor in ,  lu teospor in  and  i r idospor in  ls were 
isola ted b y  us f rom Microsprum cookei HUT-2061 ,  a 
fungus  wh ich  shows to be ana logous  qu i none  or l ac tone  
compounds .  X a n t h o m e g n i n  (Figure 1) is t he  mos t  a b u n -  
d a n t  of these  pigmefi ts  and  i ts  chemica l  s t r u c t u r e  has  
been  shown b y  BLAN~ a n d  JIJST 13 to be 3, 3"-bisE2-meth- 
oxy-7 - (2 -hydroxy  p ropy l ) -8 -ca rboxy-1 ,4  n a p h t h o q u i n o n e  
lactone] .  

Since l i t t le  a t t e n t i o n  has,  however ,  been  pa id  t o w a r d  
t he  e luc ida t ion  of b iochemica l  s ignif icances of these  
pigments , ,  we pe r fo rmed  some p r e l i m i na r y  e x p e r i m e n t s  

froll l  Microsporum cookei on the  R e s p i r a t i o n  of 

to  d e t e r m i n e  effect on  the  r e sp i r a to ry  s y s t e m  of t he  
isola ted r a t  l iver  m i t o c h o n d r i a .  

Material and methods. The  fungus  Microsporum cookei 
HUT-2061  was k ind ly  suppl ied  b y  Dr. HASE~AWA, 
D e p a r t m e n t  of V e t e r i n a r y  I n t e r n a l  Medicine,  Tokyo  
UniVersi ty.  

X :an thomegn in  was isola ted a n d  pur i f ied  by  the  m e t h o d  
descr ibed p rev ious ly  12 and  an  ace tone  so lu t ion  was used 
in th i s  s tudy.  The  f inal  c o n c e n t r a t i o n  of ace tone  in t h e  
reac t ion  m i x t u r e  d id  no t  exceed 2%. Sod ium adenos ine-  
5 ' - d iphospha t e  (ADP) a n d  bov ine  s e rum a l b u m i n  were 
p u r c h a s e d  f rom Sigma Co. 

R a t  l iver  m i t o c h o n d r i a  were p r epa red  accord ing  t he  
m e t h o d  of SCHNEIDER 17 w i t h  a s l ight  modi f i ca t ion  us ing  
a so lu t ion  c o n t a i n i n g  0 . 2 5 M  sucrose, 0.2 m M  E D T A  and  


