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gives, therefore ,  a sens i t ive  measu re  of t he  h y d r o l y t i c  
r eac t i on :  a t  283 n m  t he  ex t inc t i on  change  is m a x i m u m ,  
a n d  th i s  w a v e l e n g t h  was chosen  for a q u a n t i t a t i v e  opt ica l  
t e s t  of a c y l p h o s p h a t a s e  a c t i v i t y  w i t h  b e n z o y l p h o s p h a t e  
as subs t r a t e .  I t  m u s t  be  po i n t ed  ou t  t h a t  th i s  w a v e l e n g t h  
cor responds  to a s teep  descend ing  zone of t he  a b s o r p t i o n  
cu rve :  a careful  ca l i b r a t i on  of t he  s p e c t r o p h o t o m e t e r  is 
the re fore  needed  in  o rder  to  min imize  errors.  I t  is how-  
ever  r e commended ,  before  s t a r t i ng  a series of measure -  
men t s ,  to  check  d i rec t ly  t he  work ing  cond i t ions  w i t h  
s t a n d a r d  solut ions  of b e n z o y l p h o s p h a t e  a n d  benzoic  acid. 

O p t i m a l  cond i t ions  for t he  t e s t  were i nves t i ga t ed  w i t h  
t he  muscle  e n z y m e  a t  283 n m  and  25~ t he  effects  of 
s u b s t r a t e  c o n c e n t r a t i o n  a n d  p H  u p o n  e n z y m e  a c t i v i t y  
are s h o w n  in F igure  2. On t he  basis  of these  d a t a  t he  t e s t  
compos i t i on  for a s t a n d a r d  assay  of a c y l p h o s p h a t a s e  in a 
' sp l i t  b e a m '  record ing  s p e c t r o p h o t o m e t e r  can  be t he  fol- 
lowing : 

Sample  cell ( l ight  p a t h  0.5 cm) 

200 m M  ace t a t e  buffer ,  p H  5.3 
15 m M  Li b e n z o y l p h o s p h a t e  
E n z y m e  so lu t ion  

W a t e r  to  
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ml  m M  
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Reference  cell ( l ight  p a t h  0.5 cm) 

200 m M  ace t a t e  buffer ,  p H  5.3 0.750 
15 m M  Li b e n z o y l p h o s p h a t e  0.300 

W a t e r  to  1.500 

100 
3 

The  c h a r t  of a n  a s say  car r ied  ou t  in  th i s  w ay  w i t h  2 
a m o u n t s  of e n z y m e  is shown  in F igure  3: for a r eac t ion  
t ime  of 4 min,  co r re spond ing  to  a hydro lys i s  e x t e n t  of 
7 a n d  14%, t h e r e  is good a g r e e m e n t  w i t h  a p p a r e n t  zero- 
o rder  k ine t ics  a n d  a good p r o p o r t i o n a l i t y  be t w een  the  
a m o u n t  of e n z y m e  a n d  t he  r a t e  of reac t ion .  

Accord ing  to t he  m e a s u r e d  e x t i n c t i o n  change  coeffi- 
c i en t  of 0.630 m M  1 cm-1 (see F igure  1), in t he  above  
t e s t  cond i t ions  t he  / ,moles of s u b s t r a t e  spl i t  per  m i n u t e  
are o b t a i n e d  b y  mu l t i p l y i ng  the  A E / m i n  b y  4.8. 
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Fig. 3. Continuous record of an optical assay of aeylphosphatase 
activity at 25 ~ The assay conditions are indicated in the text. The 
final preparation of purified enzyme was opportunely diluted before 
addition in the spectrophotometer cell: assay starts with enzyme, 
10 and 20/*1, as indicated in the figure. 283 nm, 0.5 cm cell, final 

volume 1.5 ml, chart speed 12.5 mm/min. 

Discussion. B y  the  use of a n  a r o m a t i c  a c y l p h o s p h a t e  
as s u b s t r a t e  t he  we l l -known a d v a n t a g e s  of t he  con t inuous  
opt ica l  t es t s  a re  m a d e  ava i l ab le  for  a c y l p h o s p h a t a s e  
e s t ima t ion .  

The  descr ibed  opt ica l  t e s t  has  s h o w n  itself  accura te ,  
s imple  and  r a p i d :  i t  is re l iable  even  w i t h  crude  t i ssue  
ex t rac t s ,  p r o v i d e d  t h a t  n o t  too s t rong  a n  in te r fe rence  is 
caused  b y  t h e  presence  of mate r ia l s ,  like p ro te ins  or 
phenols ,  a b s o r b i n g  a r o u n d  280 n m  9. 

Riassunto. Viene  desc r i t to  u n  m e t o d o  ot t ico  c o n t i n u o  
pe r  la d e t e r m i n a z i o n e  del l 'aci l fosfatasi ,  u sando  come sub-  
s t r a to  il benzoi l fosfa to  di litio. I1 m e t o d o  si b a s a  sul la  
d i f ferenza  di es t inz ione  t r a  benzoi l fosfa to  e benzoa to .  
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The Activities of Citrate Cleavage Enzyme, 
Acetyl-CoA Synthetase and Lipoprotein Lipase 
in White and Brown Adipose Tissue and the 

Liver of the Rat during Development 

The  a c t i v i t y  of c i t ra te  c leavage  e n z y m e  (E.C. 4.1.3.6), 
a n d  to  a lesser e x t e n t  also t h a t  of ace ty l -CoA s y n t h e t a s e  
(E.C. 6.2.1.1), cor re la tes  well  w i t h  t he  n u t r i t i o n a l  s t a t e  of 
t he  a n i m a l  and  ava i l ab le  ev idence  suggests  t h a t  pa r t i cu -  
l a r ly  t h e  fo rmer  pa r t i c ipa t e s  in  f a t t y  acid (FA) syn thes i s  1. 

I n  suckl ing  r a t s  F A  syn thes i s  ill t h e  l iver  is l o w m  and  
ind i r ec t  ev idence  ind ica tes  t h a t  t he  same  appl ies  to  adi-  
pose t i ssue  4, wh ich  shows low a c t i v i t y  of h o r m o n e  sensi- 
t i ve  lipase, t h o u g h t  to  be  respons ib le  for  F A  mobi l iza t ion .  
I t  h a s  been  sugges ted  t h a t  t he  h igh  fa t  d ie t  (milk) con-  
s u m e d  b y  i n f a n t  r a t s  m a y  be  respons ib le  for  m a n y  of these  
m e t a b o l i c  condi t ions  5. I f  t h a t  is t rue  t h e n  one would  ex- 
pec t  low ac t iv i t i es  of c i t r a t e  c leavage  e n z y m e  and  ace ty l -  

CoA s y n t h e t a s e  a n d  h igh  a c t i v i t y  of l ipopro te in  lipase, a t  
leas t  in  adipose  tissue, since th i s  l a t t e r  enzyme  is said  to  
be ac t ive  in t h e  t r ans f e r  of l ipids in to  adipose  t issue 5. 

C i t ra te  c leavage  e n z y m e  a n d  ace ty l -CoA s y n t h e t a s e  
ac t iv i t i es  were assayed in  h igh-speed  s u p e r n a t a n t s  
(57,000 g, M S E  centr i fuge)  of l iver  and  wh i t e  and  b rown  

1 M. S. KORNACKER and J. M. LOWENSTEIN, Biochem. J. 94, 209 
(1965). 

2 C. A. VILLEE, in Physiology o] Prematurity (Ed. J. T. LANMAN, 
1957), p. 26, Transactions of 2nd Conference, Josiah Macy Fndtn, 
New York. 

s K. K. CARROL, Can. J. Biochem. 42, 79 (1964). 
4 p. HAHN, Experientia 2J, 634 (1965). 
5 p. HAHN and O. KOLDOVSK'2, PhYsiologia bohemoslov. 9, 172 

(1960). 
e j .  P~v and J. W•NKEOVi, Nature 185, 926 (1960). 



15. XI. 1966 Specialia 707 

Table I. Activities of citrate cleavage enzyme (EC 4.1.3.6.) and aeetyl-CoA synthetase (E.C. 6.2.1.1) in liver and white and brown adipose 
tissue of rats of different ages (;uM/10 mg protein/40 min) 

Fetus 1st day 2nd day 9th to 18th 35th day 39th day 3 months 
day old 

Citrate cleavage enzyme 

Liver 
White adipose tissue 
Brown adipose tissue 

Acetate thiokinase 

Liver 
White adipose tissue 
Brown adipose tissue 

2.0 4- 0.09 2.1 4- 0.05 0.36 4- 0.09 0.85 4- 0.04 3.66 4- 0.1 5.2 4- 0.1 
1.2 4- 0.06 0.65 4- 0.03 0.41 4- 0.07 0.8 4- 0.04 

2.2 4- 0.10 2.45 -I- 0.08 0.71 4-4- 0.06 0.65 :k 0.08 1.3 4- 0.06~ 2.14 4- 0.04 

0.65 -t- 0.05 0.45 4- 0.03 0.40 4- 0.02 1.1 ::[_ 0.05 �9 1.7 4- 0.08 
0.77 4- 0.04 0.41 4- 0.03 0.4 4- 0.05 �9 0.8 4- 0.03 
1.22 4- 0.06 0.65 4- 0.04 1.3 4- 0.06 ~ 1.58 4- 0.02 

4.5 4- 0.07 

a Age: 31 days. 3-8 rats per age group. Fetuses and 1- and 2-day-old rats were pooled but at least 3 samples from different rats were examined. 

Table II. Lipoprotein lipase activity in white and brown adipose tissue (~tEq/10 mg protein) 

Fetus Post-natal days 

2 9 19 32 

Brown adipose tissue 
Brown adipose tissue + cortisone s 
White adipose tissue 
White adipose tissue + cortisone s 

13.0 4- 1.0 12.1 ~ 1.2 9.9 4- 0.8 6.3 4- 0.9 10.0 4- 1.3 
10.2 + 1.3 

16.5 _[_ 0.8 10.1 4- 0.6 5.8 ~_ 0.8 9.8 4- 1.4 
11.0 4- 1.2 

a Cortisone (1 mg/100 g/day) for 3 days before the experiment. 4 6 samples from 1-8 rats in each group. 

adipose t issue according to KORNACKER and  LOWEN- 
STEIN ~, and  l ipoprote in  lipase ac t iv i ty  of b o t h  adipose 
t issues according to SCHOTZ and GARNFINKEL 7. Pro te ins  
were de t e rmined  according to LOWRY et al. s. 

Ci trate  cleavage enzyme ac t iv i ty  was found to decrease 
a f t e r  b i r t h  f rom higher  p re -na ta l  values in b o t h  b rown 
adipose  t issue and  liver. In  whi te  adipose t issue (not de- 
ve loped  a t  b i r th  and in fetuses) ac t iv i ty  was h igher  a t  the  
'end of the  1st pos t -na ta l  day  t h a n  later  in the  suckling 
period. W i t h  weaning (s tar t ing on day  15-18) ac t iv i ty  
increased slowly, a t t a in ing  adul t  values af ter  the  30th 
day,  i.e. a t  the  end of weaning (Table I). 

Per  unit ,  p ro te in  ac t iv i ty  was h ighes t  in the  l iver and 
lowest  in whi te  adipose t issue a t  all ages. 

The d e v e l o p m e n t  of acetyl-CoA syn the t a se  was similar, 
b u t  changes  were less p ronounced  and ac t iv i ty  was much  
smaller  par t i cu la r ly  la ter  in life (Table I). 

The course of deve lopmen t  of l ipoprotein  lipase ac t iv i ty  
in b rown adipose tissue is exac t ly  the  opposi te  to t h a t  
descr ibed for the  above 2 enzymes  and  a similar  p ic ture  
is also seen for whi te  adipose tissue, excep t  t h a t  no 
de te rmina t ions  could be made  pre-na ta l ly  (Table II). 
Ac t iv i ty  is h igh at  b i r th  and  lowest on abou t  day  20, 
when  solid food is s t a r t ed  to be consumed 9 and  when  fa t  
is mos t  easily mobil ized on food depr iva t ion  s. 

Thus,  in the  fetus before bi r th ,  enzymes  of F A  synthes i s  
and  l ipoprote in  lipase show re la t ively  h igh  activi t ies,  
p robab ly  because FA synthes is  f rom the  ma in  fuel 
(carbohydrate)  is high* and because addi t iona l  fa t  is laid 
down in b rown adipose tissue. Changes a f t e r  b i r th  seem 
to be due to  the  high fa t  diet. A surplus of fa t  is suppl ied  
to  all t issues and  is rap id ly  laid down in b o t h  types  of 
adipose t issue.  F A  synthes is  is suppressed  and  so is the  
release of F A  f rom adipose t issue in to  the  circulat ion,  as 
indica ted  by  the  low ac t iv i ty  of ho rmone  sensi t ive 

lipase~. Lipid uptake ,  on the  o ther  hand ,  is high,  since 
l ipoprote in  lipase ac t iv i ty  is high. In  addi t ion  FA are 
ev ident ly  d i rec t ly  oxidized in brown adipose t issue to  
produce hea t  10,11. 

I t  may  also be po in ted  ou t  t h a t  the  fact  t h a t  act ivi t ies  
of hormone  sensi t ive lipase and l ipoprote in  lipase develop 
in the  opposi te  directions,  and t h a t  the  former  bu t  no t  
the  la t te r  can be af fec ted  by  cort isone admin i s t r a t i on  
(Table II), is a fu r ther  indicat ion t h a t  these  two  enzymes  
really represen t  d i f ferent  enti t ies.  

Zusammen/assung. W g h r e n d  der  R a t t e n o n t o g e n e s e  
wurde  die Ak t iv i tg t  des Ci t ra t -Cleavage-Enzyms  und  der  
Ace ty l -CoA-Syn the tase  in der  Leber  und  im b rau n en  und  
weissen Fe t tgewebe  bes t immt .  In  allen Geweben wird die 
Akt iv i tg t  vor  der Gebur t  h6her  als nach  der  Geburt ,  wo- 
bei die Adul twer te  nach  dem 30. pos tna t a l en  Tag erre icht  
werden.  Die Akt iv i tg t  der  Lipoprote in l ipase  ist im Sgug- 
l ingsal ter  gross und  s ink t  nach  der  E n t w b h n u n g  ab. 

P. HAHN and Z. DRA/-IOTA 

Institute o/ Physiology, Czechoslovak Academy o/Sciences, 
Prague (Czechoslovakia), April 25, 7966. 

7 M. C. SCHOTZ and A. S. GARNFINKEL, Biochim. biophys. Acta 106, 
202 (1965). 

s O. H, LOWRY, N. J. ROSEBRAUGIt, A. L, FARR, and H. J. RANDALL, 
J. biol. Chem. 793, 265 (1951). 

9 j .  KhEdEK, J. Kf~EdKOVi, and H. DLOUHi, Physiologia bohenlo- 
slov. 9, 172 (1960). 

10 p. HAHN, J. SK~.LA, K. ViZEK, and M. Novig, Physiologia 
bohemoslov. 14, 546 (1965). 

11 M. J. R. DAWKINS and D. HULl., J. Physiol., Lond. 172, 216 (1964). 


