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white ,  red, a n d  b lue  l igh t s  were  s imi la r  or t h e  same.  T h e  
r a t e s  of d a r k  r e sp i r a t i on  a f t e r  per iods  of used l igh t s  were  
also v e r y  s imi lar .  The re fo re  if t he re  was no  effect  of l igh t  
q u a l i t y  on  re sp i ra t ion ,  one could e x p e c t  a s imi la r  r a t e  of 
CO 2 p r o d u c t i o n  u n d e r  i l l u m i n a t i o n  w i t h  l igh t  qua l i t i es  
used, since also t h e  ab i l i t y  for  p h o t o s y n t h e t i c  r e a b s o r p t i o n  
of r e s p i r a t o r y  CO29 would  be  s imi la r  or  t he  same.  T h e  
r a t e  of p h o t o r e s p i r a t i o n ,  however ,  was  n o t  t h e  same.  
U n d e r  b lue  l i gh t  t he  r a t e  of CO 2 e v o l u t i o n  was  b y  a b o u t  
3 -4  t i m e s  h ighe r  c o m p a r e d  w i t h  t h a t  u n d e r  w h i t e  or  r ed  
l igh t s  respec t ive ly .  T h e  c o n c e n t r a t i o n  e l  CO~ a t  CO,- 
c o m p e n s a t i o n  p o i n t s  was  a b o u t  2.5 t i m e s  h ighe r  u n d e r  
b lue  l i g h t  t h a n  u n d e r  r ed  or whi te .  I t  is n o t e w o r t h y  t h a t  
t h e  r a t e  of p h o t o r e s p i r a t i o n  in  b lue  l i gh t  cons ide r ab l y  
exceeded  t h e  r a t e  of d a r k  r e sp i ra t ion ,  whe reas  u n d e r  red  
or  w h i t e  l igh t s  t h e  r a t e  of p h o t o r e s p i r a t i o n  was  b y  a b o u t  
2 .5-3 t i m e s  lower  c o m p a r e d  w i t h  t h a t  in  da rkness .  

T h e  d a t a  showed  a c lea r  e n h a n c e m e n t  effect  of b lue  
l i gh t  o n  t h e  evo lu t i on  of CO,  in  t h e  p l a n t s  used.  R e c e n t  
r e p o r t s  ~°,n showed  t h a t  t h e  e n h a n c e m e n t  effect  of b lue  
l i g h t  was  also o b s e r v e d  w h e n  r e sp i r a t i on  was  m e a s u r e d  
b y  o x y g e n  u p t a k e  a n d  w h e n  a lgae  was  t h e  p l a n t  ma te r i a l .  
I t  is a s s u m e d  t h a t  t h e  f l av in  ~° or  c a ro t eno id s  n a re  t h e  
p h o t o a c t i v e  p i g m e n t s  i n v o l v e d  in  th i s  p h e n o m e n o n .  I n  
ou r  p r e v i o u s  work  5, we h a v e  sugges ted  a close r e l a t ion-  
sh ip  b e t w e e n  p h o t o s y n t h e s i s  a n d  p h o t o r e s p i r a t i o n .  I t  is 
poss ib le  to  p ropose  t h a t  t h e  e n h a n c e m e n t  effect  of b lue  
l i g h t  o n  CO2 e v o l u t i o n  m a y  be  m e d i a t e d  t h r o u g h  t h e  
p h o t o s y n t h e t i c  a p p a r a t u s  b y  s y n t h e t i z i n g  some  s u b s t r a t e  
or  s u b s t r a t e s  ut i l ized b y  p h o t o r e s p i r a t i o n ,  for e x a m p l e  
t h e  glycolic acid 1~. 

I t  h a s  b e e n  obse rved  t h a t  syn thes i s  of glycolic acid was 
s t i m u l a t e d  u n d e r  s h o r t - w a v e  l i gh t  ~3. A n o t h e r  q u e s t i o n  
w h i c h  can  ar ise  f rom t h e  resu l t s  p r e s e n t e d  in t h e  T a b l e  
is t h a t  of a p h o t o s y n t h e t i c  r e a b s o r p t i o n  of r e s p i r a t o r y  CO v 
I f  t h e  r a t e  of evo lu t ion  of CO2 in l igh t  r e p r e s e n t s  a r e m n a n t  
of r e s p i r a t o r y  CO, w h i c h  is n o t  r e a b s o r b e d  b y  chloro-  
plas ts ,  one can  e x p e c t  t h a t  a t  a s imi la r  r a t e  of a p p a r e n t  
CO 2 u p t a k e  u n d e r  whi te ,  red  or  b lue  l ights ,  t he  r a t e  of 
CO, e v o l u t i o n  m u s t  also be  s imilar .  The  d a t a  p r e s e n t e d  

here  indica te ,  however ,  t h a t  t h e  r e a b s o r p t i o n  of resp i ra -  
t o r y  CO2 in l igh t  could n o t  be  a s imple  r eason  for t h e  
c h a n g e  in r a t e  of CO~ evo lu t i on  in l igh t  as c o m p a r e d  w i t h  
t h a t  in  da rkness .  T h e  a l t e r n a t i v e  a r g u m e n t  m i g h t  be  
a s s u m e d  t h a t  t h e  b lue  l igh t  h a s  a n  effect  on  t h e  r e s i s t ances  
for t h e  d i f fus ion process  of CO 2 f rom a n d  in to  t h e  s i tes  of 
CO2 a b s o r p t i o n  a n d  evo lu t i on  in leaves.  However ,  t h i s  
wou ld  be  r a t h e r  d i f f icul t  to  u n d e r s t a n d ,  since t h e  r a t e s  of 
a p p a r e n t  CO 2 u p t a k e  u n d e r  l igh t  qua l i t i e s  app l ied  were  
s imi la r  w h e n  t h e  s ame  p l a n t  m a t e r i a l  was  i n v e s t i g a t e d  ~4, xs. 

Zusammen/assung. In  i so l ie r ten  Sprossen  d e r  F i c h t e  
Picea glauca Moench /Voss  e r g a b  B e l i c h t u n g  m i t  b l a u e m  
L i c h t / ~ h n l i c h e  CO2-Ass imi la t ionsgeschwind igke i t  wie  m i t  
we issem o d e r  Totem Lich t .  Die  G e s c h w i n d i g k e i t  d e r  P h o t o -  
r e s p i r a t i o n  h i n g e g e n  w a r  be i  b l a u e m  L i c h t  ca.  3 -4 rea l  so 
gross  wie  bei  weissem oder  r o t e m  Lich t .  
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Electron Spin Resonance Invest igat ions on Ferricytochrome c Compounds  

T h e  e lec t ron  sp in  r e s o n a n c e  m e t h o d  gives i n f o r m a t i o n  
conce rn ing  t h e  e lec t ronic  s t r u c t u r e  of p a r a m a g n e t i c  m e t a l  
complexes ,  such  as h e m o p r o t e i n s  x-6. W e  h a v e  m e a s u r e d  
t he  e l ec t ron  sp in  r e sonance  a b s o r p t i o n  of f e r r i c y t o c h r o m e  c 
f rom t h e  horse  hea r t .  R e c e n t l y  DICKERSON a n d  co- 
worker s  7 p u b l i s h e d  X - r a y  d i f f r ac t ion  resu l t s  on  horse  
h e a r t  c y t o c h r o m e  c showing  t h a t  on ly  1 c o o r d i n a t i o n  
pos i t i on  of t h e  i ron  is occupied  b y  a h i s t i dy l  res idue  a n d  
t he  o t h e r  p r o b a b l y  b y  t h e  m e t h i o n y l  r e s idue  in pos i t ion  80 
of t h e  a m i n o  acid  cha in .  All  i e r r i h e m o p r o t e i n s  a re  oc ta -  
hed rM d s i ron  complexes .  Th i s  o c t a h e d r o n  is a l m o s t  dis- 
t o r t e d  so t h a t  we e x p e c t e d  e l ec t ron  sp in  r e s o n a n c e  s p e c t r a  
w i t h  a n  ax ia l  s y m m e t r y  or  lower.  Our  m e a s u r e m e n t s  were  
m a d e  o n  f rozen  solut ions .  T h e  c o n c e n t r a t i o n  of fe r r icy to-  
c h r o m e  a was  2 m ~ l  a n d  t h e  t e m p e r a t u r e  was  77 °K. 

F i r s t  f e r r i c y t o c h r o m e  c i tsel f  was  i n v e s t i g a t e d  a t  differ-  
e n t  p H  values .  I n  t h e  n e u t r a l  p H  range ,  a b r o a d  abso rp -  
t i on  l ine  a p p e a r s  w h i c h  invo lves  3 g' va lues :  gl = 3.0; 
g~ = 2.26; g3 = 2.0. Th i s  e l ec t ron  spin  r e sonance  s p e c t r u m  
co r r e sponds  to  a low sp in  s t a t e  of t h e  p o r p h y r i n  b o u n d  
i ron.  GORDY a n d  REXROAD s i n v e s t i g a t e d  commerc i a l  

f e r r i c y t o c h r o m e  c in  t h e  solid s t a t e  a t  a t e m p e r a t u r e  of 
4 ,2°K.  T h e y  f o u n d  bes ide  t h e  a b s o r p t i o n s  a b o u t  t h e  
g v a l u e  2 a n  a b s o r p t i o n  p e a k  a t  g = 5.9; b u t  t h e y  ex- 
p l a i n ed  th i s  weak  r e sonance  as a n  i m p u r i t y  of h e m o g l o b i n  
in t h e i r  s ample  of f e r r i c y t o c h r o m e  c. 
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A t  s t r o n g  a lka l ine  p H  f e r r i c y t o c h r o m e  c is also a low- 
sp in  complex .  Th i s  s p e c t r u m  shows 3 g va lues :  g~ = 2.73; 
g2 = 2.14; g~ = 1.77. B u t  t he  i n d i v i d u a l  l ines a re  m u c h  
s h a r p e n e d .  A s t r o n g  acid f e r r i c y t o c h r o m e  c so lu t ion  
(pH 0.7) shows 2 a b s o r p t i o n  cent res .  One  ha s  a g va lue  
n e a r  6 a n d  t h e  o t h e r  nea r  2. T h e  a b s o r p t i o n  w i t h  t h e  
g v a l u e  6.3 o r ig ina tes  f rom a h i g h - s p i n  s ta te .  Such  a n  
a b s o r p t i o n  is also t y p i c a l  for  o t h e r  h e m o p r o t e i n s  in  t h e  
h i g h - s p i n  s t a t e  3,9. T h e  a b s o r p t i o n  a t  g = 2.1 m a y  o r ig ina t e  
f rom some low-spin  s t a t e  c o n t e n t .  The re fo re  ac id  ferri-  
c y t o c h r o m e  c is no t  a p u r e  h igh - sp in  c o m p l e x  b u t  a 
t h e r m a l  equ i l i b r ium be tween  t he  h igh - sp in  a n d  t he  low- 
spin  s ta te .  Th i s  r e su l t  is in  acco rdance  w i t h  t h e  m a g n e t i c  
suscep t ib i l i t y  of t h i s  c o m p o u n d  m e a s u r e d  b y  BOERI, 
]~HRENBERG, t)AUL a n d  THEORELL 1°. F e r r i c y t o c h r o m e  c 
c o m p o u n d s  as  well  as az ide  a n d  c y a n i d e  c o m p o u n d s  give 
e l ec t ron  sp in  r e s o n a n c e  s p e c t r a  w i t h  3 g va lues  n e a r b y  2 
w h i c h  are  t yp i ca l  for  low-sp in  complexes .  T h e  g va lues  
for t h e  azide  c o m p o u n d  f r o m  f e r r i c y t o c h r o m e  c are  
gx -- 2.77; g2 = 2.27; g3 = 1.85 a n d  t h e  g va lues  for  t h e  
c y a n i d e  c o m p o u n d  are  gx = 3.04; g2 = 2.30; g3 = 2.01. I t  
is of i n t e r e s t  t h a t  t h e  az ide  l i gand  reac t s  b e t t e r  w i t h  
f e r r i c y t o c h r o m e  c a t  a n e u t r a l  p H  t h a n  in a lka l i ne  solu- 
t ion.  GEORGE a n d  co-workers  n a lso  found  t h a t  t he  
equ i l i b r i um c o n s t a n t  of f e r r i c y t o c h r o m e  c azide c o m p o u n d  
en la rges  in  t he  acid range.  The  f luor ide  c o m p o u n d  of ferri-  
c y t o c h r o m e  c gives a p u r e  h i g h - s p i n  c o m p l e x  s p e c t r u m  
w i t h  a large a b s o r p t i o n  a t  g = 6.1 a n d  a sma l l  a b s o r p t i o n  
w i t h  a g v a l u e  of 1.97. As f e r r i c y t o c h r o m e  c possesses  a 
la rge  p K  v a l u e  a n d  t h e  f luor ide  ion  is b o u n d  on ly  in acid 
so lu t ion  1~ t h e  f luor ide  c o m p o u n d  of f e r r i c y t o c h r o m e  c was  
g e n e r a t e d  b y  a d d i n g  K H F  v 

A c o m p a r i s o n  of t h e  e lec t ron  sp in  r e sonance  s p e c t r u m  
of f e r r i c y t o c h r o m e  c a b o u t  p H  7 w i t h  o t h e r  h e m o p r o t e i n s  

s u c h  as h e m o g l o b i n  3, p e r o x y d a s e  4 a n d  ca t a l a se  9 shows  
t h a t  I e r r i c y t o c h r o m e  c is more  in  t h e  low-sp in  s t a t e  t h a n  
t h e  o t h e r  h e m o p r o t e i n s .  Th i s  c a n  be  e x p l a i n e d  b y  t h e  ferri-  
h e m o c h r o m o g e n i c  b i n d i n g  of t h e  f i f th  a n d  s ix th  coord ina-  
t i o n  g roups  of t h e  i ron  w h i c h  is f a v o u r e d  b y  t h e  c rev ice  
s t r u c t u r e  of t h e  c y t o c h r o m e  c p r o t e i n  in  wh ich  t h e  h e m  
disc is p laced .  

Zusammen[assung. F e r r i c y t o c h r o m  c aus  P f e r d e h e r z  
w u r d e  bei e iner  T e m p e r a t u r  y o n  7 7 ° K  m i t  de r  M e t h o d e  
d e r  E l e k t r o n e n s p i n r e s o n a n z  u n t e r s u c h t .  Aus  d en  E lek-  
t r o n e n s p i n r e s o n a n z s p e k t r e n  is t  zu e n t n e h m e n ,  dass  Fe r r i -  
c y t o c h r o m  ¢ bei  n e u t r a l e m  u n d  a l k a l i s ch em p H  ein  Low-  
sp in - t~omplex  ist,  bei  s t a r k  s a u r e m  p H  is t  es dagegen  ein 
M i s c h k o m p l e x  d e r  H i g h -  u n d  L o w - s p i n - F o r m .  F e r r i c y t o -  
c h r o m - c - F l u o r i d  i s t  e in  r e ine r  H i g h - s p i n - K o m p l e x ;  da -  
gegen s ind  die Azid-  u n d  Z y a n i d k o m p l e x e  Low-sp in -  
Komplexe .  
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Brown Adipose Tissue in Youn~ Mice: Activity and 

T h e  d i s t r i b u t i o n ,  s t r u c t u r e  a n d  f u n c t i o n  of b r o w n  
ad ipose  t i ssue  h a s  b e e n  wide ly  s t u d i e d  in t he  l a s t  few 
years  1-z. I t s  role in  h i b e r n a t i o n ,  cold acc l ima t i on  a n d  
especia l ly  in  t he  h e a t  p r o d u c t i o n  of y o u n g  a n i m a l s  has  
b e e n  rev iewed  b y  HULL a. 

T h e  p r e s e n t  s t u d y  is conce rned  w i t h  t h e  d e v e l o p m e n t  
of i n t e r s c a p u l a r  b r o w n  ad ipose  t i s sue  in y o u n g  mice.  T h e  
succinic  d e h y d r o g e n a s e  a c t i v i t y  in  t h i s  t i s sue  was  meas -  
u r e d  a t  d i f f e ren t  age levels.  Loca l  t e m p e r a t u r e  measu re -  
m e n t s  f rom bra in ,  b r o w n  b o d y  a n d  s u b c u t i s  were also 
pe r fo rmed .  

Material and methods. 78 y o u n g  mice  or  fetuses,  b o t h  of 
N M R I - s t r a i n ,  were  used. T h e  n u m b e r  of a n i m a l s  in  each  
age  g r o u p  was  6-12.  T h e  i n t e r s c a p u l a r  b r o w n  f a t  was  
r e m o v e d  a n d  weighed.  T h e  t i s sue  sec t ions  ( e m b e d d e d  in  
pa ra f f i n  wax)  were  s t a i ned  w i t h  hema toxy l i n - eos in .  T h e  
a c t i v i t y  of succinic  d e h y d r o g e n a s e  complex  in  t i ssue  
h o m o g e n a t e s  was m e a s u r e d  b y  t h e  m e t h o d  of KUN a n d  
ABOOD 5 as desc r ibed  ear l ie rL The  i n c u b a t i o n  was ca r r ied  
o u t  in  T h u n b e r g  t u b e s  because  of t he  smal l  a m o u n t  of 
t i s sue  (1% h o m o g e n a t e ) .  T h e  t e m p e r a t u r e  of b ra in ,  b r o w n  
f a t  (neck) a n d  c a u d a l  p a r t  of b a c k  was m e a s u r e d  u s ing  t h e  
' E l l a b '  (Copenhagen)  t h e r m o g a l v a n o m e t e r .  T h e  t h e r m o -  
couples  were  p l aced  s.c., a n d  in t h e  b r a i n  in  t h e  h y p o -  
t h a l a m u s  r e a c h e d  t h r o u g h  t he  pos t e r io r  fon tane l l a .  T h e  
e n v i r o n m e n t a l  t e m p e r a t u r e  was  a t  t h e  b e g i n n i n g  of t h e  

R o l e  i n  T h e r m o r e g u l a t i o n  

e x p e r i n l e n t  35 °C a n d  t h e  a n i m a l s  were  t h e n  r e m o v e d  to  
26 °C. 

Results. Figure  1 shows t h e  w e i g h t  of i n t e r s c a p u l a r  
b r o w n  fa t  a n d  i ts  succinic  d e h y d r o g e n a s e  a c t i v i t y  a t  
d i f fe ren t  age levels.  T h e  r e l a t i ve  w e i g h t  of b r o w n  f a t  
(rag/100 g) h a s  a m a x i m u m  a t  b i r t h ;  i t  t h e n  r a p i d l y  de-  
creases  a n d  reaches  a m i n i m u m  in  5 -day-o ld  mice.  T h e  
succin ic  d e h y d r o g e n a s e  a c t i v i t y  in  t h e  b r o w n  f a t  is a t  
m a x i m u m  a n d  m i n i m u m  a l m o s t  s i m u l t a n e o u s l y  w i t h  t h e  
weight .  I n  add i t ion ,  a t  t h e  age of 2 weeks  i t  h a s  a second 
m a x i m u m .  

I t  a p p e a r s  f rom h i s to log ica l  e x a m i n a t i o n  t h a t  t h e  l ip id  
c o n t e n t  of t h e  cells a n d  t h e  size of l ip id  vacuo le s  show t h e  
s ame  t r e n d  as  was  seen  in  t h e  w e i g h t  of b r o w n  f a t  a n d  
e n z y m e  a c t i v i t y .  T h e  l ip id  vacuo les  a re  la rge  a n d  n u m e r -  
ous  a t  b i r t h .  A t  t h e  age of 4 d a y s  t h e y  decrease  in size a n d  
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