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Reactivation of cortisone-induced liver t r y p t o p M n  pyrrolase by 
boiled liver cell sap and by cyclic: adenosine 3'~S'-phosphate 

T h e  l a b i l i t y  o f  t h e  p r e p a r a t i o n s  o f  t h e  l i v e r  t r y p t o p h a n  p y r r o l a s e  is k n o w n  t. H o m o -  
s e n a t e s  z p r e p a r e d  f r o m  t h e  l i v e r  o f  r a t s  a f t e r  i n d u c t i o n  o f  t h e  t r y p t o p h a n  p y r r o l a s e  
a c t i v i t y  b y  i n j e c t i o n  o f  c o r t i ~ m e  s h o w e d  a lo s s  o f  a c t i v i t y  i f  t h e y  w e r e  s t o r e d  a t  2 ~ 
o r  i n c u b a t e d  a t  38  ~. T h e  a d d i t i t m  o f  t r y p t o p h a n  d u r i n g  t h e  h o m o g e n i z a t i o n  o f  t h e  
l i v e r  l c .wered  t h e  lo s s  o f  a c t i v i t y  ~. R e c e n t l y  i t  w a s  d e m o n s t r a t e d  t h a t  t h e  t r y p t o p h a n  
p y r r o l a ~ e  a c t i v i t y  in  t h e  l i v e r  ce l l  s a p  o f  n o r m a l  ~ a n d  c o r t i s o n e S - t r e a t e d  r a t s  i s  s t i -  

m u l a t e d  b y  t h e  a d d i t i o n  o f  h e m a t i r : .  A d d i t i o n  o f  b o i l e d  ce l l  ~ p  o f  l i v e r  o r  o t h e r  
organ.~ ha~ a n  a c t i v a t i n g  e f f ec t  o n  t h i s  s y s t e m  i n  t h e  l i v e r  ce l l  sapS,  e. 

T h e  p r e s e n t  p a p e r  r ep (~r t s  t~ew findh,g.~ s h o w i n g  t h e  a b i l i t y  o f  t h e  b o i l e d  l i v e r  
ce l l  s a p  a n d  o f  t h e  c y c l i c  a d e n o s i n e  3 ' , 5 ' - p h ( z ~ p h a t e  t o  r e a c t i v a t e  t h e  l i v e r  t r y p t o p h a n  
p y ' r r o l a s e  s y s t e m .  \ V e  w e r e  a b l e  t o  c o n f i r m  t h a t  t h e  t r y p t o p h a n  p y r r o l a s e  a c t i v i t y  
in  t h e  l i v e r  ce l l  s a p  f r o m  r a t s  4 5  h a f t e r  c o r t i s o n e  i n j e c . t i o n  f a l l s  a f t e r  r e p e a t e d  
f r e e z i n g  ( - - 2 5 " )  a n d  t h a w i n g  o r  i f  t h e  e n z y m e  p r e p a r a t i o n s  w e r e  s t o r e d  a t  2 ~ o r  
i n c u b a t e d  a t  38  ~. H o w e v e r ,  i£ a f t e r  60  r a i n  o f  p r e i n c u b a t i o n  o f  t h e  l i v e r  ce l l  s a p  a t  
38 :  a ; a m p l e  o f  b o i l e d  l i v e r  ce l l  s a p  w a s  a d d e d  t o  t h e  p r e p a r a t i o n  d u r i n g  t h e  enz>wne 
a ~ a y ,  t h e r e  w a s  a m a r k e d  r i s e  o f  enz3- rne  a c t i v i t y  ( T a b l e  I ) .  T h e  r i s e  w a s  h i g h e c  
t h a n  a f t e r  a d d i t i o n  o f  h e m a t i n .  T h e  s i r n u l t a n e o u ~  a d d i t i o n  o f  h e m a t i n  w i t h  b o i l e d  
l i v e r  ce l l  s a p  b r o u g h t  a b o u t  t h e  h i g h e s t  a c t i v i t y .  

V e r y  s i m i l a r  r e s u l t s  w e r e  o b t l d n e d  w h e n  s y n t h e t i c  s c y c l i c  a d e n o s i n e  3',5"" 
p h o s p h a t e  w a s  a d d e d  t o  t h e  p r e i n c u b a t e d  l i v e r  ce l l  s a p  ( T a b l e  II).  T h e  s a m p l e  w a s  

T A B L E  I 

R E A C T I V A T I C ~ N "  O F  T i l e  T R Y P I ' O P | I A X "  P Y R R O L A S E  S Y S T E M  I N  " I H F .  L I V E R  C E L t .  g A P  

n v  n O I I . E D  L I ' ~ ' E R  C E L L  S A P  

Livers  of adu l t  female Wi :aa r  ra t s  ( tSo  :5o g) 4-5 h af ter  in jec t ion  of 5 mg cor t i sone  ace ta t e  
per too g ho,'lv ~ t .  were homogenized in 7 vol, o~14 M KCI conta in ing 25 mM .NTaOH and o. 3 mM 
DL-Lryptophan utxder t-t~>ling. The: homogengte  was cen t r i fuga ted  at  7,5 ooo × g for (x~ rain 
a t  o" ,~lid th,: ¢~! xai~ dih:tod,  z : I, with o.m¢ M lgCI. The  p repa ra t ion  was preincubate~t a t  380 
x~ith shaking.  [ tnl was u.~d for the e.g~tuation o f  t r y p t o p h a n  pyrrMa~qe a c t i v i t y  in t he  medium 
descrita-d by I{.~ox ~. The fo rmylkynnren ine  antl  kynurunine  formed wn_~; es t ima ted  spec t ro-  
photometricatAy at  3"  t and 365 m, . .  T h e  a c t i v i t y  of  *.he t ryptophat~ pyrrc,la.~c sys tem is expressed 
as a sum of l~m,~les of  fo rmylkynuren ine  and kynuren ine  l ibera ted  per  ~ h by  t g or ig inal ly  
homog~-nized l iver usin~ corresponding ex t inc t ion  coefic~.ents. Broiled l iver cell gap e wrks p repa red  
by  immersing the  cell sap in a flask in a bo i l ing-water  ba th  for 2~ rnin. Th,: elc,tr gupernatamt 

af ter  centr i fuging was uso¢l. 
. . . . . . . . . . . . . . . . . . . . . . . . .  

Ttm.c o/ pPel~cubaftG~ A d d t f t o ~ s  Try~lo~kan ~t~.rr~ase 
¢;f the ht ' t t  ¢t~t su# r~'fivity 

~, ml~l) to eke as~k~}" mtd|r~m* ( f ~ r s [ l J l ¢  ~,tee) 

o None 2.74 
3o None z. t(~ 
(~o None: o . g x  
(~1 Hemat in  (4 " to-1 I~ mole-~,) ] .oG 
60 Boiled l iver  cell ~atp (~ ml) 3.05 
be l I e m a t i n  {4 • zo- t  ;lmotes) + 

Boiled l iver  cell s ap  (z ml) 3-79 

• Tota l  volume.  4 ml. 
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electrophoretically pure. "rh~ additit>n of this cw:lic nucleotide to the preincubztted 
liver cell s;ip stimukxted the ac t iv i ty  e~'.|~ciailx, when hematin  was aL~ added. 

The results presented show tha t  the It;s~ of act iv i ty  of  the tryptoplla~l pyrn~la~e 
system during incubation of the liver cell .~ap is a: least in part  accompanied by tile 
format ion of an inactive enzyme. The inactive enzyme can be react ivated in the 
presence of boiled liver <:ell sap o r  ¢:~'t ' l ic adent,.~_ine 3' .5 '-phosphate. Hemat in .  which 
behaves as a dissociable col 'ac tor  of thi.~ enzyme, is probably not direct ly involved 
in tile t ransformat ion  <,f tlte inactive enzvlne tt) ~n ~tctive enzyme. 

T A B L E  f 

R E # , C T I V A T I O N  OF" " r i l e  F R y I v r o p ~ I A N  P Y R R O L A ~ F  ~ Y ~ T F .M  I N  T H E  L I V E R  C E f . L  S A P  

B Y  CYCLIC A D E N O S I N E  3", .~ '  ' P t l O ~ ' P t l . t - l ' ~  

C<)nt | i th) r t s  a.~ in  Tal~lc  t. 
. . . . . . . . . . . . . . . . . . . . . .  
T I ~ I t  o f  p~ctngut '~rf~on . lddlll~t.~ ~/'lr}'~oJ~kan p } ~ r o t a ~  

~'f l~t  t i t ' le~ (~*l"ll *4"J~ ,;,~ t~l¢* aSX~'7,* -'~4t'fflU~J" a ~ f l t  i/F 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

o .None  4 .24  
30  ~ o n c  2 .46  
t'~O .%'~ ¢| IlC 1 . O 2  

t ~  l-l~-rn~xtin (-i " I c,-" !~t'~ioh~:] 1 +O 5 
¢~J C y c l i c  a t t en t r~ inc  3",3"- 

phospha . t~ :  ( i I~ re ,de)  2.7 t 
Oo ! [ e m a t i n  (4 " t o - ' -  t~mole~)  ,~- 

C y c l i c  a d e n o s i n e  3",3"" .5.23 
l.')lltos~)h~.:.c [ [ /'¢tlX()it:} 

" Total v o l u m e ,  .I m l  

Tile tlU~-~tion arim~ whetht,r in vivo there are ~ m e  inactive molecuh~ t~f the 
t r yp tophan  pyrrolase system, as in light of the presented results any  preparat ion of 
thL~ enzyme coukl be regarded as part ial ly inact ivated,  especially if the preparation 
i,~ made wi thout  cooling and  in the ~tlx~elice of  extra  tD'ptophan.  Experiments  
directed towards confirmation of the ident i ty  of the factor present in the boiled 
liver cell sap with cyclic adenosine 3 ' ,5 ' -phosphate and elucidation of  the mechanism 
of  react ivat ion of the t ryp tophan  pyrrolase ac t iv i ty  by this  cyclic nucieotide which 
is known to be involved in regulation of  the liver ph(~Jphoryla-~e t° .-.re in progress. 

The authors  are indebted to Dr. J .  S.XlRT from the Ins t i tu te  of  Organic Chemist ry  
and Biochemistry.  Czechoslovak Academy of Science~, for the generous gift af  a 
synthe t ic  sample of  the cyclic ader~u~ine 3' .5 '-phosphate.  
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T h e  e n z y m i c  r e a c t i v a t i o n  o f  r e d u c e d  r i b o n u c l e a s e  p.~ t o o 2 r  

I t  is  k n m v n  f r o m  t h e  w o r k  o f  ANFINSF.X AND HABER n, a n d  \VIHTF. "~ t h a t  h ( Jv ine  
p a n c r e a t i c  R N A a s e  {EC z . 7 . 7 . I 6 )  is e a s i l y  r e d u c i b l e  b y  v a r i o u s  t h i o l  c o m p o u n d s .  
T h e  r edu~ ' ed  i n a c t i v e  e n z y m e  m a y  t ~  r e o x i d i z e d  b_v a t m o s p h e r i c  o x y g e n  a n d  i t s  
o r i g i n a l  e n z y m i c  a c t i v i t y  i~ a l r m ) s t  r e c o v e r e d  i f  t h e  o x i d a t i o n  is  c a r r i e d  o u t  u n d e r  
w e i l - d e f i o r d  c o n d i t i o n s .  R e c e n t l y  ~ i m i l a r  r e o x i d a t i o n  a n d  r t ~ a c t i v a t i o n  o f  r e d u c e d  
i n s u l i n  a. ly.~os3"me ~, t r y p s i n  s, T a k a - a m v l a . , ~ e  6 a n d  a l k a l i n e  p h o s p h a t a m ~  v h a v e  b e e n  
r e p o r t  ed .  

W e  f o u n d  t h a t  p i g e u n  a n d  d f i c k e n  p a n c r e a s  c o n t a i n  a h e a t - l a b i l e  f a c t o r  w h i c h  
ca t a lv se .~  t h e  r e o x i ( l a t i o n  o f  r t x l u c e d  R N A a s e .  

C r y s t a l l i n e  h o v i n e  p a n c r e a t i c  R N A a s e  [ p r e p a r e d  in o u r  i n s t i t u t e )  w a s  r e d u c e d  
w i t h  m e r c a p t o e t h a n o l  in  t h e  p r e s e n c e  o f  8 M u r e a ,  a c c o r d i n g  t o  t h e  m e t h o d  o f  
AXFIN.qEN AND HABER I. T h e  r e a g e n t s  w e r e  s e p a r a t e d  f r o m  t h e  r e c t u c e d  p r o t e i n  o n  
S c p h a d c x  (;  z5  c . l u m n ,  witl~ o.x N a c e t i c  a c i d  a s  e l u e n t .  T h e  p o o l e d  R N A a s e -  
cc, n t a i n i n g  f r a c t i o n s  c o u l d  I)t: .~tored a t  z ~ fo r  a b o u t  a w e e k s  w i t h t m t  c o n s i d e r a b l e  
o x i d a t i o n .  T h e  s o l u t i ( m  w a s  n e u t r a l i z e d  w i t h  N a O H  b e f o r e  u s e .  

In  t h e  r e o x i d a t i . n  e x p e r i m e n t s  t h e  r e d u c e d  R N A a s c  w a s  i n c u b a t e d  in  T r i s  

°to 
10- 

$0- 

40- 

o 

/ 
Time (rain) 

I:ig. x. Time course of the reactivation Incubation ~lixtures cont~lned: 3 ° l~molc~ Tris buffer 
( p i t  7-5) L .7 -xo- f f i / tmoles  r e d u c e d  R N A a ~ e ,  a n d  o.~  ml  [ t g e o u - p a n c r e a ~  e x t r a c t  { c o n t a i n i n g  
cj.~ mg prote in  and RNAase  (~ lUiVa|cnt  to  o. 4 .  1 o - ) / ~ m o l e s  bovine  pancrea t i c  RNAase}.  T h e  
• :.~ntro] cure,:  ~< ¢,)ntained the  ,-~mc mix ture  wi thout  panvrt~atiu extxact .  The  final volume was 
o.8  ml+ RNA~se ac t iv i ty  is expressed as t h e  p e ~ c e P t a g e  o f  t h e  t h e o r e t i c a l  r .mx im, . -a  (e.,-i~.~al) 

a c t i v i t y .  
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