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SUMMARY

1. The devc.l op...eni o f  3-Hydroxyc;n th ■ ani  In !.c oxygenase

i n  t h e  l i v e r  and k i dney  of  no l o  and fe' i iale r a t s  has been 

s t u d i e d .  C o r t i s o l  does  not  a pp ea r  t o  i n f l u e n c e  t he  p o s t ­

n a t a l  development  of  t h i s  enzyme.

2.  3 - H y d r o x y a n t h r u n i l a t e  oxygenase  i s  u n s t a b l e  both 

d u r i n g  p u r i f i c a t i o n  and in s t o r a g e . In v i vo  c o r t s o l  

t h e r a p y  markedly  s t a b i l i z e s  r e n a l  3-HAAO when s t o r e d  a t  

t h e  homogenate s t a g e  of  p u r i f i c a t i o n .

3.  L i v e r  and k idney  3-HAAO a r e  h e t e r o en zy me s .  They have 

s i m i l a r  c a t a l y t i c  and a n t i g e n  s i t e s .  In n e i t h e r  was a 

' N1 t e r m i n a l  d e t e c t e d  u s i ng  a s i n g l e  t e c h n i q u e .  The 

m o l e c u l a r  w? i g h t  o:  the  o r d e r  o f  32 000 and both  enzymes 

show m i c r o h c t e r o g e n c i  ty .

4.  Both l i v e r  and k i dney  enzymes -re a d a p t a b l e , but  h e p a t i c

3-HAAO i s  more r e a d i l y  and r a p i d l y  r e s p o n s i v e  to  in  v ivo  

s t i m u l a t i  o n .
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The deve lopment  of  d i a r r h o e a ,  d e r m a t i t i s  and t he  o t h e r  

m a n i f e s t a t i o n s  of  n i c o t i n i c  a c i d  d e f i c i e n c y  in  r a t s  d e p r i v e d  

o f  n i c o t i n i c  a c i d ,  depends  on t he  p r o t e i n  q u a l i t y  o f  t h e i r  

d i e t .  Krehl  e t  a 1. (1945)  d e m o n s t r a t e d  t h a t  t r y p t o p h a n  i s  

t h e  amino a c i d  which r e p l a c e s  t h i s  r e q u i r e m e n t  f o r  d i e t a r y  

n i c o t i n i c  a c i d .  Tn * a c t ,  high d i e t a r y  t r y p t o p h an  l e v e l s  seem 

t o  e x e r t  more i n c l u v r e e  on p y r i d i n e  n u c l e o t i d e  s y n t h e s i s  t han  

does  n i c o t i n i c  a c i d  ( F c i g e l s o n  e t  a l . J 9 5 l ) .  Such i s  t he  

i mp or t an c e  and a d a p t a b i l i t y  of  t he  t r y p t o p h a n  -  n i c o t i n i c  a c i d  

pathway in t he  r a t .

Numerous enzymes p a r t i c i p a t e  in  the  c o n v e r s i o n  of  

t r y p t o p h a n  t o  n i c o t i n i c  a c i d .  The enzyme chosen f o r  t h i s  

s t udy  i s  3 - h y d r o x y a n t h r a n i l i e  a c i d  oxygenase  ( 3 -  hydroxy-  

a n t h r a n i l a t e : oxygen o x i d o r e d u c t a s e  E C 1 13.  1. 6 . ) .

F i g u r e  1 shows the  p o s i t i o n  of  3 - h y d r o s ' a n t h r a n i l i e  a c i d  

oxygenase  (3-HAAO) in  t h e  t r y p t o p h a n - n i c o t i n i c  a c i d  pathway.

That  3-HAAo i s  i ndeed  an enzyme in  t h i s  pathway has be.„-n shown 

v i o  t h e  a d m i n i s t r a t i o n  o f  d i e t a r y  and i n ‘ r a p c r i t o n e a l  

3 - h y d r o x y a n t h r a n i l i e  a c i d  r e s u l t i n g  in  i n c r e a s e d  u r i n a r y  

e x c r e t i o n  of  N -m e t h y I n i c o t i n a m i d e  ( A l b e i t  -t a l . 1948;  Hankes 

and U r i v c t s k y  1954 and Hanks and Henderson 1957) .  Th i s  enzyme 

i s  l o c a t e d  no t  on l y  in t he  cy t op l a sm of  ru t  l i v e r ,  b u t  a l s o  in  

r a t  k i dney  ( C r a n a a l l  1965) .  A compar i son  of  t he  development  o f  

c e r t a i n  p h y s i co c he mi c a l  p r o p e r t i e s  and of  t he  a d a p t a b i l i t y  o f  

3-HAAO w i t h i n  t h e s e  two o r ga ns  i s  the  b a s i s  o f  t h i s  d i s s e r t a t i o n .

For  t h i s  s tudy  p u r i f i e d  3-HAAO was r e q u i r e d .  Many worke r s  

have p a r t i a J l y  p u r i f i e d  t he  enzyme and some of  the  d i f f i c u l t i e s  

e n c o u n t e r e d  in the  p u r i f i c a t i o n  may have t tie i i e x p l a n a t i o n  in  the  

p o s t u l a t e d  r o l e  o f  oxygen and i r o n  in the  a c t i o n  o f  t h e  enzyme on 

i t s  s u b r 1 1 a t e .  Oxygen c l e a v e s  the  ben /eno  r i n g  of 

3 - h y d r x y a n t h r a n i  l i e  a c i d  (b lock  I 9 6 0 ) .  3-Hych o x y a n t h i a n i 1 ic
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a c i d  oxygenase ,  l i k e  t r y p t o p h a n  p y r r o l a s e ,  f a l l s  i n t o  t he  group 

of  d i x o y g e n a s e s  (Mason 19r)7) -  both  atoms of  0 be ing  i n c o r p o r a t e d  

i n t o  t h e  p r o d u c t  ( i layei  s h i  e t  n 1 . 1956) .  Ev idence  p o i n t s  to  

i r o n  be ing  i n v o l v e d  i n  t he  c a t a l y t i c  s i t e  o f  t he  d i o x y g e n a s e s  

(Mohler  and Cordc-s 1967) .  Tne t o r r n u s  i on ,  and o f t e n  a second 

i e d u c i n g  ag-.-nt, a r e  employed to a c t i v a t e  and s t a b i l i z e  3-tlAAO 

d u r i n g  i t s  p u r i f i c a t i o n  (Cox 1967; Ves c i a  1962;  Savage e t  a l . 

1973;  S t e ve ns  1959 and Ogaswara 1966) Decker  e t  a l .  (1961)  

con s i d e l  the  f e i i o u s  ion may a c h i e v e  a c o n f o r m a t i o n a l  change in  

t h e  enzyme.  Like  o t h e r  p h e n o l y t i c  o xyge nas es ,  3-HAAO r a p i d l y  

l o s e s  i t s  a c t i v i t y  in  the  p r e s e n c e  of  oxygen . O x i d a t i o n  a n d / o r  

l o s s  o f  bc jnd  f e i i o u s  ion acc ou n t  f o r  s«.)me of  t he  i d i o s y n c r a c i e s  

e n c o u n t e r e d  in  t he  p u r i f i c a t i o n  o f  t h i s  enzyme ( M i t c h e l  t. . g ] .

1963, Ves c i a  and d i  F r i s c o  1962) .  The f e r r i c  i cn  i s  known t o  

a c t  as  a n o n - c o m p e t i t i v e  i n n i b i t o r  o f  t h i s  sys tem ( N i s h i zu k u  e t  a l . 

^■970). The i n s t a b i l i  uy of  3-HAAO c o m p l i c a t e s  i t s  p u r i f i c a t i o n  

end s t o r a g e . Ni s h i zu k a  c 1 a l . ( 1 9 / 0 )  found t he  most  s t a b l e  

s t o r a g e  o f  b e e f  l i v e r  enzyme at  pH 6 . 5 .  Savage e t  a l . (1973)  

found t h a t  once f r e e z e  d r i e d ,  monkey l i v e r  3-HAAO was r e l a t i v e l y  

s t a b l e  on s t o r a g e  -  t h e  p r o c ed u re  of  f r e e z e  d r y i n g  however  was 

a s s o c i a t e d  wi t h  marked l o s s  o f  a c t i v i t y .  Much a t t e n t i o n  has  been 

p a id  t o  t he  p u r i f i c a t i o n  of  the  enzyme - c o m p a r a t i v e l y  l i t t l e  t o  

i t s  s t o r a g e .  Modes o f  s t o r a g e ,  not o n l y  o f  the  p u r i f i e d  enzyme, 

but  a l s o  of  the  c rude  e x t r a c t s ,  a r e  t o p i c s  c ove r ed  i n  t h i s  

d i s s e r t a t i o n .

R e s u l t s  o f  s t u d i e s  c a r r i e d  out  by o t h e r  wor ke r s  on p u r i f i e d  

3-HAAO have produced  the  f o l l o wi n g  Michael  i s  c o n s t a n t s .

ORGAN STUDIED

Ra1 L i v e r  7 . 0  x 10"6M l a c c a r i n o  et  a l . ( l 9 6 l )

Ra t  L i v e r  7 . 4  x 10~6M Cox (1963)

Roef L i v e r  2 . 1  x 10"“'M Decker  e t ^ .  (1961 )

beef  Kidney 2 . 0  x 1 0 ~ \  Ogaswara (1966)



In  t h i s  s tudy  a t t e n t i o n  i s  p a i d  t o  t ho  Mic l i ao l i s  c o n s t a n t ,  t he  

m o l e c u l a r  we ig h t ,  the  n i t r o g e n  amino a c i d  t e r m i n a l  and the  

a n t i g e n i c  s i t e  o f  3-HAAO in  r o t  l i v e :  and k i d ne y .

The compound most  common]y s t u d i e d  in  a s s o c i a t i o n  wi th  

h e p a t i c  enxyme development  i s  11 ^  17<o^-21 - 1 r i h y d r o x y -  ^  - p r e g e n e -  

3,  2 0 , - d i o n e ( c o r t )  s o l ) .  For  example,  t y r o s i n e - ^ - o x o g l u t a r a t e  

t r a n s a m i n a s e  i s  p a r t i a l ]  y dependen t  on c o r t i s o l  f o r  i t s  p o s t - . . a t a l  

deve l opmen t .  Sor en i  o t  a 1 . (1959)  found t h a t  on a d m i n i s t r a t i o n  

o f  t y r o s i n e  t he  e x p e c t e d  i n c r e a s e  in t h i s  enzyme f a i l e d  to o c cu r  

i n  a d r e n a l e c t o m i z e d  r o t s .  Th i s  r e s p o n s e  was c o m p l e t e l y  r e s t o r e d  

t o  normal  on s i m u l t a n e o u s  a d m i n i s t r a t i o n  o f  h y d r co.  t i  s o n e . The 

a u t h o r s  s u g g e s t e d  t h a t  s u b s t r a t e  a v a i l a b i l i t y  p l u s  a d r e n a l  

s e c r e t i o n s  were i m p o r t an t  c au s es  o f  t he  a b r u p t  i r . c r * a s e  in 

a c t i v i t y  o f  t y r o s i n e - <*-- ox og l u  t a r a t e  t r a n s a m m  e d u r i n g  t h e  f i r s t  

12 h o u r s  a f t e r  b i x i h .

The p r e - n a t a l  development  o f  t r y t o p h u n  p y r r o l a s e  s e r i n e  

d e h y d r a t a s e  and g l u c o s e - 6 - p h o s p h o t  a se  i n d e p e n d e n t  o f  c o r t i s o l  

( Gr e enga r d  et  e l . 1963; Nemeth 1959;  Greengard  and Dewey 1967) .  

Adu l t  r a t  t r y p t o p h a n  p y r r o l a s e  ha; been shown t o  r espond  to  

i n d u c t i o n  by both  s u b s t r a t e  and c o r t i s o l ;  f o e t a l  h e p a t i c  

t r y p t o p h a n  p y : r o l a s e  r e sponds  to n e i t h e r .

H e p a t i c  enzyme sys t ems  have been shown to  d e ve lo p  at. 

d i f f e r e n t  r a t e s .  In t he  r a t  t y r o s i n e  t r a n s a m i n a s e  and p h e n y l a l a n i n e  

t r o n - aminose a r e  p r e s e n t  a t  b i r t h ,  t r y p t o p h a n  p y r r o l a s e  i s  not  

p r e s e n t  in s i g n i f i c a n t  q u a n t i t i e s  t i l l  12 days  a f t e i  b i r t h  (Auerbach 

and Wai : man, 1959) .  Schoi and Fr iedman (1958)  found t h a t  wh i l e  

t r y p t o p h a n  p y r r o l a s e  took 15 day:, t o  reach  h igh  l e v e l s  in t he  r a t ,  

i t  took 24 hours  to do t h i s  in r a b b i t  and g u i n e a  p i g .

In t h i s  s t udy  the  q u a n t i t a t i v e  development  o f  3-HAAO in  r a t  

l i v e r  and k idney  lias been u b : , e r v e d  in t.eims of  the  changes  in
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a c t i v i t y  a s s o c i a t e d  w i t h  a g e i n g .  The p r e s e n t  a u t h o r  a p p r e c i a t e s  

t h a t  on unchanged l e v e l  may mask s i g n i f i c a n t  changes  m  o v e r a l l  

enzyme s y n t 1- s i s  and breakdown p a t t e r n s  ( R a c h e i g l  1970) .

C o r t i s o l  i s  a w e l l  r e c o g n i z e d  h e p a t i c  enzyme i n d u c e r  

( B e t h e i l  1965; Weber e t  al  1964) ;  i t ,  as y e t ,  en j oys  no such 

r e p u t a t i o n  in t he  k id n ey .  I t  does  however  i n c r e a s e  t h e  f r e e  

a r i n o  c c i d  l e v e l  in bo th  o r g a ns  ( N o a l l  et_ol_ 1957) .  The organ 

b e s t  a d a p t e d  f o r  f r e e  amino a c i d  c a p t u r e ,  a f t e r  c o r t i s o l  i n j e c t i o n ,  

i s  b o v v e r  t h e  l i v e r .  No i n f o r m a t i o n  i s  a v a i l a b l e  r e g a r d i n g  the 

xe sponse  o f  3-HAA0 t o  c o r t i s o l  in  e i t h e r  o r g an .

H e p a t i c  t r y p t o p h a n  oxygenase  i s  known t o  be i n d u c ed  by 

c o r t i s o l  (Grecnga r d  1963;  R e c h e i g l  1 9 7 l ) .  C o r t i s o l  i s  known t o  

s t i m u l a t e  r a t  h e p ’-ti r r i bosoma l  RNA s y n t h e s i s .  I t s  mode of  

a c t i o n  i s  d i s p u t e d .  B l a t t i  e t  a l  (1970)  s ug g es t e d  t h i s  may be 

a c h i e v e d  v i a  r e g u l a t i o n  of  t h e  c a t a l y t i c  a c t i v i t y  of  RNA 

po l ymera se  1.  S a j d e l  and J a c ob  (1971)  s ug g e s t e d  t h e  h y d r o c o r t i s o n e  

i n d u c e s  an a l l o s t e r i c  change in  t h e  n u c l e o l a r  RNA p o l y m e r a s e .  RNA 

po l ymera se  1 i s  l o c a t e d  in t h e  n u c l e o l u s .  Yu and F c i g e l s o n  (1972)  

s u g g e s t e d  t h a t  an i n c r e a s e  o f  t h i s  p o l yme ra se s  a c t i v i t y  i s  v i a  an 

i n c r e a s e d  s y n t h e s i s  of  a c or e  enzyme o r  v i a  s y n t h e s i s  o f  p o l y p e p t i d e  

m o e i t i e s  n e c e s s a r y  in  the RNA po l ymera se  1 sys tem.  These  a u t n o r s  

conc l uded  (1973)  t h a t  c o r t i s o l  s t i m u l a t i o n  c f  r i b o so ma l  RNA i s  not  

v i a  a l l o s t e r i c a l l y  enhanced  c a t a l y t i c  e f f i c i e n c y  of  a p re fo rmec  

r i t o s o n n l  RNA po l ymer ase ;  n o r  was i t  due t o  a d e r e p r e s s i o n  of  t he  

r i bosomal  RNA genome. They p o s t u l a t e d  i n s t e a d  t h a t  c o r t i s o l  a c t s  

v i a  an a c t i v e  i f , c r e a s e  in t he  r o t e  o f  s y n t h e s i s  of  a t  l e a s t  one of  

t h e  p o l y p e p t i d e  components  o f  t he  RNA po lymeiase  1 s ys t e m.

In t h i s  s t udy  the  l e v e l  of 3-HAA0 a c t i v i t y  p e r  gram we igh t  of 

l i v e r  i s  found to be enhanced by c o r t i s o l  a d m i n i s t r a t i o n  to a d u l t  

r a t s .  The mechanism w h e r e b y  coi  t i s o l  a c h i e v e s  t h i s  i s  o f  i n t o i e . s  L
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-  does  i t  a c t  a t  t he  l e v e l  o f  3 - l i ydroxyant hr  a n i l i c  a c i d  oxygenases  

g e n e t i c  a p p a r a t u s ,  o r  i s  i t s  p r imary  a c t i o n  on t h e  g e n e t i c  

a p p a r a t u s  which c o n t r o l s  t r y p t o p h a n  p y r r o l a s c ?  I f  the  l a t t e r  i s  

t r u e  then t h e  enhanced  a c t i v i t y  d e t e c t e d  on t e s t i n g  3-HAAO i s  t he  

r e s p o n s e  t o  a c t i v a t i o n  of  t he  t r y p t o p h a n - n i c o t i n i c  a c i d  pathway a t  

the l e v e l  o f  t r y p t o p h a n  p y r r o l c s e .  C o r t i s o l  i s  a l s o  c a p a b l e  o f  

a c t i n g  as  a " l i g a n d "  and s t a b i l i z i n g  c e r t a i n  p r o t e i n s  (Ryan 1973) .  

enzyme i n d u c t i o n  v a r i e s  between an i ma l s  o f  d i f f e r e n t  g e n e t i c  

c o n t e n t  in  t h e  same s p e c i e s ,  and a l s o  between a n i ma l s  o f  t h e  same 

s t r a i n  a t  d i f f e r e n t  ages  (Conney 1967) .  Th i s  proved  t r u e  of  

3-HAAO on t r e a t m e n t  w i t h  c o r t i s o l .

Schor  and F r i e d e n  (1958)  p o s t u l a t e d  t h a t  one of  t h e  modes 

o f  a c t i o n  of  c o r t i s o l  on t r y p t o p h a n  p y r r o l a s e  was v i a  t he  m e t a b o l i c  

s h i f t  t o  p r o t e i n  c a t a b o l i s m  r e s u l t i n g  in  t he  l i b e r a t i o n  o f  f r e e  

amino a c i d s .  They f e l l  t h a t  c o r t i s o l  made an i n c r e a s e d  q u a n t i t y  

o f  endogenous  t r y p t o p h a n  a v a i l a b l e  to  t h i s  enzyme.  Thi s  

h y p o t h e s i s  has  not  been s t r e s s e d  in more r e c e n t  p a p e r s .  Exogenous 

a d m i n i s t r a t i o n  o f  t r y p t o p h a n  has  been shown to a c t i v a t e  t r y p t o p h a n  

p y r r o l a s e  (Kenny and F l o r a  1961; Cr e nga r d  and F e i g e l s o n  1961) .

The i n d u c t i o n  o f  t r y p t o p h a n  p / : m l a s e  by i t s  s u b s t r a t e  i s  no t  a 

l i n e a r  f u n c t i o n  of  dosage  ( S c h c , o ' d  F r i e d e n ,  1958) .  The r a t  has  

been shown c ap a b l e  of  d i s p e n s i n g  wi th  n i c o t i n i c  a c i d  as  an 

e s s e n t i a l  d i e t a r y  c o n s t i t u e n t  in the  p r e s e n c e  of  a dequa te  t r y p t o p h a n  

s u b s t i t u t i o n  ( P r i e s t  1951 ) .  No i n f o r m a t i o n  c o n c e r n i n g  t h e  e f f e c t  

o f  3-HAAO on s t i m u l a t i o n  of  t he  . yp t o ph a n  -  n i c o t i n i c  a c i d  pathway 

by t r y p t o p h a n  was found.

The f i n a l  in v iv o  s t i m u l u s  imposed on t h i s  enzyme system i s  

a p a t h o l o g i c a l  one in t he  form of a c a r c i n o g e n  Shinoyama et  a l . 

( 1967)  showed tha t  3-met h y 1-A d i met by 1 aminoazobvn zone ( DAP) 

produced  hepatomas  when fed to i a t  s.  The c o n c e n t r a t i o n  of  

h e p a t i c  3-HAAO was i m p a i r e d  in both  the  c a r c i n o m a t o u s  t i s s u e  and



t he  a d j a c e n t  l i v e r  c e l l s .  The e f f e c t s  o f  up t o  1J weeks o f  

d i e t a r y  d i me t hy laminozobcnzeno  (DAB) on c rude  e x t r a c t s  o f  Loth 

l i v e r  and k idne y  3-HAAO have been n o t e d .

The f o l l o wi n g  a s p e c t s  o f  3-HAAO have been i n v e s t i g a t e d  in  

t h i s  s t u d y : -

( a )  The deve lopment  o f  l i v e r  and k idney  3-HAAO i n  both  sexes  

between 7 and 3A0 days  of  age .

( b )  The p u r i f i c a t i o n  and s t o r a g e  of  h e p a t i c  and r e n a l  3-HAAO.

( c )  I n v e s t i g a t i o n  of  c e r t a i n  p h y s i o - c h e m i c a l  p r o p e r t i e s  of

t he  enzyme.  Thi s  i n c l u d e s  p r o p e r t i e s  of  t h e  c a t a l y t i c  

s i t e ,  t he  a n t i g e n i c  s i t e ,  t h e  ' N 1 t e r m i n a l  and t he  

m o l e c u l a r  we i gh t  o f  t h i s  enzyme.

( d )  The a d o p t a b i l i t y  o f  3-HAAO in  t he  l i v e r  and k idney  t o

i n  v i vo  s t i m u l a t i o n  wi th  c o r t i s o l  — a hormone,  wi t h  

t r y p t o p h a n  -  an e s s e n t i a l  amino a c i d ,  and wi th  DAB -  

a c a r c i n o g e n .
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INSTRUMENTS

T i s s u e s  were homogenized i r  an u 1 L i a t u r r a x  (Sunke and 

Ku nk e l , S t a u f f c n ) ;  and c e n t r i f u g e d  in  a MSE s u p e r s p e e d  18 

r e f r i g e r a t e d  c e n t r i f u g e .

The s p ec t ro ph o t o i . i c t e r  u .od  was a Beckman DU monochromator  

a t t a c h e d  t o  a G i l f o r d  222A photomete r  wi t h  an a u t o m a t i c  c u v e t t e  

p o s i t i o n e r  Model 244.  The r e c o r d e r  was a Uni con, AR45 l i n e a r / l e g  

1,0 decade r e c o r d e r ,  o b t a i n e d  from Pye Unicom, Engl and .  The power 

pack used f o r  e l e c t r o p h o r e s ' "  s was a Vokan SAE 2 /61  o b t a i n e d  from 

Shandon S c i e n t i f i c  Co . ,  England.  A U n i v e r s a l  UV Lamp (Camag 

Mut tenz  Schweiz)  was used  f o r  d e t e c t i n g  d an s y l  d e r i v a t i v e s .  Gel  

f i l t r a t i o n  was c a r r i e d  ou t  i n  columns, o b t a i n e d  from Weight  

S c i e n t i f i c  Co . ,  England.  The f r a c t i o n  c o l l e c t o r  used  was a LKB 

U l t r a  ’:cix(Sweden).

REAGENTS

" An a l a r "  r e a g e n t s  were sed i n  a l l  c a s e s  u n l e s s  o t h e r w i s e  s t a t e d .  

Rea ge n t s  used  f o r  enzyme a s s a y :

D i t h i o t h r e i t o l  (DTT) -  C l e l n n d s  r e a g e n t ,  g r a d e  A o b t a i n e d  

from Calbiochem,  C a l i  f o r  i o .  The 6-am. inocaproic  a c i d  was 

o b t a i n e d  from t he  Koch-Ligh t  L a b o r a t o r i e s ,  England;  t h e  f e r r o u s  

s u l p h a t e  fro.  P r o t e a  H o l d i ng s ,  South A f r i c a .  The 3 - h y d r o x y o n t h r a n i l i c  

a c i d  was o b t a i n e d  from Sigma Chemical  Co. ,  U.S.A.  Reagen t s  used 

i n  p u r i f i c a t i o n  and m o l e c u l a r  weight  e s t i m a t i o n s  of  

3 - h y d r o x y a n t h r a n i l i c  a c i d  oxygenase  (3-HAA0):

Sephodox G-100 and G-75 were o b t a i n e d  from Pharmac ia  F ine  

Chemica l s ,  Sweden. Aery .1 amide,  N, N, N1, N1 - 1 e t  ramethy l e t h y l e n o a m i n e -  

d i ami ne ,  and ammonium p e r s u l p h a t e  wore o b t a i n e d  from BDH, England.

Of t he  marker  s o l u t i o n s  used serum albumin was o b t a i n e d  from BDH, 

England,  ovalbumin and t r y p '  in i n h i b i t o r  from Sigma, U. S . A. ,  

cytochrome C from Bach r i n g e r  and Soehne,  Mannhein,  and l a c t i c  

de hydrogenase  and myoglobin both  from Mi les  Se ie vn c ,  Cape Town.
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For  d u n s y l a  Lion 5 - din: e t h y l  ami nonapli t h a l e n c - l -  s u l phony l  

c h l o r i d e  a Merck ( D a rm s t a d t )  p r o d u c t  was us ed .

Chemica l s  which were a d m i n i s t e r e d  t o  c e r t a i n  g r oups  of

r a t s :

S o l u c o r t e f  s u p p l i e d  by Upjohn,  S . A . , c o n t a i n s  

h y d r o c o r t i s o n e  sodium s u c c i n a t e  ( c o r t i s o l  o r  11. , 17r>-21-- 

t r i h y d r o x y - ‘A' - p r e g e n o n e - 3 ,  2 0 , - d i o n o ) . As t h i s  i s  a r e l a t i v e l y  

i n s o l u b l e  s u b s t a n c e  i t  i u  s u p p l i e d  in  a Mi x - 0 - Vi a l  c o n t a i n i n g  

a d i l u e n t  which c o n s i s t s  of  w a t e r ,  sod iun  p h o s p h a t e ,  sodium 

b i p h o s p h a t e  and m e th y l -  and p r o p y l -  p - h y d r o x y b e n z o a t c  a r e  a l s o  

p r o / i d c d .  Tr yptophan was o b t a i n e d  from Schwar tz  L a b o r a t o r i e s ,

New York.  Ac t i n imy c i n  D (Cosmagen) was o b t a i n e d  from Merck

Sharpe  and Dohme. Dimothylaminoazobenzene  (DAB) was o b t a i n e d

from BDH, England.

BUFFERS

Homogenizing B u f f e r : Th i s  c o n s i s t s  o f  a 0,02-M t r i s - m a l e a t e

b u f f e r  c o n t a i n i n g  0 , 25-M s u c r o s e  and d i t h i o t h r e i t o l  (DTT), 

6 - a m i n c c a p r o i c  a c i d  and h y d r a t e d  f e r r o u s  s u l p h a t e  (l-mM of  each 

i n  t he  f i n a l  c o n c e n t r a t i o n ) .  The l a s t  t h r e e  r e a g e n t s  were 

added j u s t  p r i o r  t o  u s e .  The pH was 6 . 5  in  t h o s e  p u r i f i c a t i o n s  

i n  which t he  a n i ma l s  were not  p r e - t r c a t e d .  P r e - t r e a t e d  

a n i ma l s  a r e  t h e s e  which were s u b j e c t  e i t h e r  to  a s p e c i a l l y  

p r e p a r e d  d i e t  o r  or, i n t r a p e r i t o n e a l  i n j e c t i o n .  In t h o s e  p r e ­

t r e a t e d  a n i ma l s  p l u s  t h o s e  used t o  s t udy  t he  deve lopment  o f  

3-HAA0 c homogeniz ing b u f f e r  a t  pH3.8 was used .  1 he p r e s e n t  

a u t h o r  i s  aware i hot  t h i s  i s  not  a p h y s i o l o g i c a l  pH and 

u n u s u a l l y  low f o r  enzyme work.  In s p i t e  of  t h i s  low e x t r a c t i o n  

pH,3-H'AO was found a c t i v e  when a s s a y ed  a t  pH 7 . 6

Assay B u f f e i . a U,05-M t * i s - m a l vo t e  s o l u t i o n  a t  pH 7 . 6  was 

us ed .



E l u t i n g  B uf f e r : A 0 , 0 3 —M amnioniuni acetate* b u i f c r  (pH 6 . 5 )  to

which DTT and h y d r a t e d  f e r r o u s  s u l p h a t e  (l-mM of  each in  t h e  

f i n a l  c ' - n c c n t r a t i o n ) were added i m me di a t e l y  p r i o r  t o  u s e .

S t o r a g e  B u f f e r ; Thi s  i s  i d e n t i c a l  wi th  t h e  e l u t i o n  b u f f e r .

Al l  s o l u t i o n s  were made up in  doub led  d i s t i l l e d  d e i o n i z e d  w a t e r .



M E T H O D S



TREATMENT OF ANIMALS

The r a t s ,  caged  in g roups  of  f i v e ,  were s u p p l i e d  wi t h  a w e l l  

b a l a n c e d  d i e t  ( 20^  p r o t e i n )  in  t he  form o f  r a t  p e l l e t s  and w a te r  od 

l i b . Owing t o  a s h o r t a g e  o f  r a t s  i t  was n e c e s s a r y  t o  use  d i f f e r e n t  

s t r a i n s  in  t h e s e  e x p e r i m e n t s  -  G i l b e r t - G i l l m a n  (GG), Long-Evans (LE) 

and Spraguc-Dawlcy (SD).  Ra t s  o f  t he  GG s t r a i n  were s u b j e c t  to  

ab n o r ma l l y  h igh  t e m p e r a t u r e s  due to  a me cha n i c a l  f a u l t  i n  the 

t e m p e r a t u r e  sys tem c o n t r o l l i n g  t he  l o t t e r y  -  i t  was t h o u g h t  t h a t  

t h i s  may have i n h i b i t e d  s p e r m a t o g e n e s i s  and be t h e  e x p l a n a t i o n  f o r  

t he  f a i l u r e  o f  t h e s e  r a t s  t o  b r e e d .  (Walker  1973) .  The LE s t r a i n  

d u r i n g  t h i s  p e r i o d  a l s o  e n c o u n t e r e d  b r e e d i n g  d i f f i c u l t i e s  and t h i s  

r a t  p o p u l a t i o n  c o n s i s t e d  e s s e n t i a l l y  o f  e l d e r l y  members . Th i s  

l e f t  t h e  SD r a t s  as  t h e  main s ou rc e  o f  an imal  m a t e r i a l ;  j u s t  ove r  

300 r a t s  were a v a i l a b l e  f o r  t h e s e  e x p e r i m e n t s .  I t  was t hus  

n e c e s s a r y  t o  impose l i m i t s  on t h e  number o f  r a t s  used i n  any s i n g l e

e x p e r im en t  -  t h i s  d i f f i c u l t y  was f u r t h e r  a c c e n t u a t e d  by t he

d e s i r a b i l i t y  o f  k eep i ng  c e r t a i n  f a c t o r s  c o n s t a n t ,  eg .  s t r ; i n  and 

sex,  i n  whole g r oups  o f  e x p e r i m e n t s .  The e f f e c t  o f  t h i s  l i m i t a t i o n  

becomes a p p a r e n t  on p e r u s a l  o f  t he  e x p e r i m e n t a l  d a t a .  The p r e s e n t  

a u t h o r  i s  aware t h a t  many more e x p e r i m e n t s  cou ld  have been c a r r i e d  

o u t ,  e s p e c i a l l y  d u r i n g  p e r i o d s  o f  r ep :  cnge.

Rots  Used to  Demons t r a t e  the  Doyr-l.opnn-nt o f  3-HAAP:-

SD s t r a i n  r o t s  of  both  sexes  aged between 7 and 360 days  were

used .

R cits Us ' d  in Exp* • r inn*nts i n vo I v i n a  C o r t i s n ]  : -

( a )  S t u d i e s  done a t  t b <■ HompgenaI »■ Star*

( l )  Two g ro up s  of  male r a t s  (SD s t r a i n ) ,  one group 15 ,5  

weeks and t he  o t h e r  8 months o l d ,  were g i ven  i n t r a p e r i t o n e a l  c o r t i s o l  

(3 mg/100 gm body w e i gh t )  and k i l l e d  3 hou r s  l a t e r .  C o n t r o l s  were 

i n j e c t e d  wi th  an e q u i v a l e n t  volume o f  s a l i n e  and k i l l e d  a t  z e r o  t ime .
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( 2 )  Two group:,  of  8 month o l d  r o t s ,  o f  SD and LE s t r a i n s ,  

were k i l l e d  a t  105 mi nu t e s  p o s t  i n t r o p e r i  Loneal  c o r t i s o l  i n j e c t i o n  

(3 mg/100 gm body w e i g h t ) .  C o n t r o l s  were i n j e c t e d  wi th  s a l i n e  and 

k i l l e d  105 mi n u t e s  l a t e r .

( 3 )  A group o f  8 month o l d  SD s t r a i n  male r a t s  were k i l l e d  

a t  35,  70,  105, 180,  240 and 360 m i nu t e s  p o s t  c o r t i s o l  i n j e c t i o n .

The does  o f  c o r t i s c ]  used  was 3 mg / 100 gm body w e i g h t .  Owing t o  

t h e  s h o r t a g e  o f  r a t s  no p a r a l l e l  s a l i n e  c o n t r o l  s e r i e s  co u l d  be run 

i n  t h i s  e x p e r i m e n t .  R e s u l t s  fiom t h e  above e x p e r i me n t  (2 )  d i d  show 

c o r t i s o l  t o  s i g n i f i c a n t l y  e l e v a t e  t h e  l e v e l  o f  h e p a t i c  3-HAA0. I t  

was t h u s  d e c i d e d  t o  measure  the  3-HAA0 a c t i v i t y  a t  v a r i o u s  i n t e r v a l s  

o f  t e r  c o r t i s o l  i n j e c t i o n .  Owing t o  t h e  Jack o f  an a de qu a t e  c o n t r o l  

s e r i e s  i t  must be a p p r e c i a t e d  t h a t  4 fie r e s u l t s  o b t a i n e d  r e f l e c t  both 

t h e  e f f e c t  o f  c o r t i s o l  and t he  i n f l u e n c e  o f  s t r e s s  on 3-HAA0.

C e r t a i n  an ima l s  in  t h e  15 ,5  week (SD) and 8 month (LE) g roups  

were a l s o  s u b j e c t e d  t o  an i n t r a p e r i t o n e a l  i n j e c t i o n  o f  0 , 17 5  mg of  

Ac t inomycin  D p e r  r a t . Th i s  was e i t h e r  g i ve n  a l o n e  o r  f o l l owe d  1 

hour  l a t e r  by 3 mg of  c o r t i s o l  pe r  100 gm body w e i gh t .

( a )  S t ud i o  s Done on t h e  P u - ' i f i ^ d  Enzyme: -

Adul t  male r o t s  o f  t he  GO s t i a i n  were i n j e c t e d  wi t h  c o r t i s o l  

i n  u dose o f  e i t h e r  3 o r  4 , 3  mg/100 gin body w e i g h t .  The r a t s  were 

k i l l e d  a t  140 mi nu t e s  a f t e r  i n j e c t i o n .

Rat s  Used ' o  mo n s t  r a t   t_ho f f >• c t s  o f  L - t  ryptophqn : -

L - t r y p t o p h a o  ( ?0  mg/100 gm body w e i gh t )  was a d m i n i s t e r  'd to 

6 month o l d  r a t s  o f  t he  SD s t r a i n .  The r a t   ̂ were k i l l e d  in groups  

o f  f i v e  a t  35,  70,  140, 180, 240 and 360 mi n u t e s  a f t e r  p e r i t o n e a l  

i n j e c t i o n .  Tryptophan proved i n s o l u b l e  in  s a l i n e  n t i l  t he  pH was 

a d j u s t e d  to 10. Thi s  r e s u l t e d  in s u b j e c t i n g  t h e  an i ma l s  to  

i n t r o p e r i t o n e a l  i n j e c t i o n s  at  a non phy , i o l o g i c o 1 pH. The only  

macr os cop i c  e v i d e nc e  t h a t  t h i s  a l k a l i  may have damaged t he  p e r i t o n e a l  

c a v i t y  was the p e r s i s t e n c e  of  a v a r i a b l e  volume of  f l u i d  in  the
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• * i  Lonocil c a v i t y  even 6 ho ur s  pos t  i n j e c t i o n .  Th i s  f l u i d  was

c l e a r ,  watery and t he  volume v a r i e d  even in a n i ma l s  in  t he  same group .  

No hyperuernia  o f  t he  p e r i t o n e a l  c a v i t y  o r  o f  t h e  a d j a c e n t  v i s c e r a  

was found.

Ra t s  used t o  d omon s t. ’ a t  e the  e f f e c t  o f  d i me thy l  ami noazobon zone 
(DAB) on 3--HA.AQ: -

An a d u l t  (7 month o l d )  group of  mole SD r a t s  were f ed  DAB.

In o r d e r  t o  o b t a i n  a homogenous ex p o su r e  to  t he  DAG i t  was n e c e s s a r y  

to mix a s p e c i a l  d i e t  f o r  t h e s e  r o t s .  The d i e t  had t he  f o l l o w i n g  

(w/w) c o m p o s i t i o n : f l o u r  2 8 , 5 : ;  shimmed mi lk  36%; me a l i c  meal  1 0 , 3%;

b r e we r s  y e a s t  0 , 02%; s p l ee n  8 , 3%; b e e f  d r i p p i n g  5,1%; NaCl 0,56/o„

Th i s  d i e t  was made up t o  one k i l og r a m o f  dry i n g r e d i e n t s  and a 

fur  t h e r  150 cc of  h a l i b u t  o i l ,  150 cc o f  raw l i n s e e d  o i l  and 30 cc 

o f  corn  o i l  were added.  The c o n t r o l  r a t s  were fed on t h i s  d i e t .

The e x p e r i m e n t a l  g roup  had 0 , 6 6  gm of  DAB added p e r  k i l o g r a m  of  

m i x t u r e  -  t he  dosage  as  recommended by Symeonidi  s e t  c l . (1954)  and 

R ob e r t s  and Warwick ( 1 96 6) .  The DAB was d i s s o l v e d  in  co rn  o i l  p r i o r  

t o  i n c l u s i o n  in  v.he d i e t .  The d i e t  was f r e s h l y  p r e p a r e d  e v e r y  10 days .

(Opt imal  c o n d i t i o n s  f o r  c a r c i n o g e n e s i s  were p r o v i d e d  by us i ng  

male r a t s  ( M o r r i s  e t  a 1. (1951)  found male r o t s  more s u s c e p t i b l e  to 

hepatomas  than f e ma le s )  o f  t he  SD s t r a i n .  Chauvo et. a l . (1968)  

p roduced  hepatomas  in r a t s  o f  t he  SD s t r a i n  wi th  no o v e r t  s i g n s  of  

a d r e n a l  i n s u f f i c i e n c y .  Li twoch and Mo ivy ( J 970)  shewed a d r e na l e c t o my  

produced  i n c r e a s e d  r e s i s t a n c e  to  hepatoma i n d u c t i o n . )

Rat s  were ki l l e d  a t  4 , 5  and 7 , 5  weeks a f t e r  s t o r t i n g  o n  t he 

above d i e t .  Cy top la smic  p r o t e i n  -ozo  dye b in d i n g  was found to  be 

s i g n i f i c a n t  d u r i n g  t h i s  p' l i c d  ( M i l l e r  a t  al  . 1949, M i l l e r  and 

M i l l e r  1947) .  A f ui t he r  group  of  i a t  s weie k i l l e d  a f t e r  15 weeks 

on t h i s  d i e t .
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MOD: OF ENZYMf ASSAY: -

ji' l r a t '  S tocl- Solu t i on : -

One ml o f  e t h a n o l  c o n t a i n i n g  2 . 8  mg of  3 - h y d r o x y a n t h r a n i l i c  

a c i d  was s t o r e d  a t  -20°C.

Assay S o l u t i o n : -

A 2 . 9 5  ml volume o f  a s s a y  b u f f e r  p l u s  5 0 ^ 1 o f  s u b s t r a t e  

were p i p e t t e d  i n t o  a cm c u v e t t e s  and i n c u b a t e d  in t he  s p e c t r o p h o t o m e t e r  

a t  29 -  0 , 5°C f o r  5 m i n u t e s . Enzynu e x t r a c t  (10 -  2 5 ^ 1 )  was then  

added.

Uni t  Enzyme A c t i v i t y : -

One u n i t  of  enzyme i s  d e f i n e d  as t he  amount which i n c r e a s e s  

t h e  a bso r b a nc e  a t  360 nm by 1 , 0  a b s o r b an c e  u n i t  pe r  minu te  a t  pH 7 , 6  

and t e m p e r a t u r e  2 8 , 5°C.

P r o t e i n  Meas urement s : -

P r o t e i n  was measured by t h e i r  a bs o r b a nc e  a t  280nm. The 

p r o t e i n  c o n c e n t r a t i o n  was c a l c u l a t e d  from t he  f o l l o w i n g  e q u a t i o n  

( l a y n e  1 9 5 7 ) : -

P r o t e i n  C o n c e n t r a t i o n  = F ( 1 , 5 5  x Ano . -  0 , 7 6  x A0/  ) mg/ml.zou zou
F = d i l u t i o n  f a c t o r  

A = abso r ban c e

S p e c i f i c  A c t i v i t y : -

Th i s  i s  d e f i n e d  as  t he  enzyme a c t i v i t y  in  u n i t s / m i n u t e s / m g  

o f  p r o t e i n .

1. PURIFICATION OF 3-HAA0: -

Al l  p r o c e d u r e s  were c a r r i e d  out  at. 4°C u n l e s s  o t h e r w i s e  s t a t e d .  

Ammonium s u lp h a  Ie f r a c t i o n a t i o n s  we re done und-T a n i t r o g e n  s t r eam.



( a )  P u r i f i c f l i o n  o f  R"no 1 3-HAAO: -

St age  I : -

The I n i t i a l E x t r a c t : -

The r a t s  were k i l l e d  by c e r v i c a l  d i s l o c a t i o n  and the  

k i d n e y s  were re. moved and weighed.  Homogen i 7  ing b u f f e r  was added 

t o  t h e  t i s s u e  in t h e  r a t i o  of  2 gm t i s s u e  : 3 ml b u f f e r .  The 

k id n e y s  were homogenized f o r  55 seconds  and t he  homogcnatc was 

t he n  c e n t r i f u g e d  f o r  25 mi nu t e s  a t  30 0J0c[. The volume o f  t he  

s u p e r n a t a n t  was measured and a c t i v i t y  and p r o t e i n  e s t i m a t i o n s  p3 r f on ned .

S t age  2 : -

Arnmonium Sulphate* F r a c t  i ono t  i on  : -

A d d i t i o n s  o f  ammonium s u l p h a t e  were done unde r  a n i t r o g e n  

s t r e a m wi t h  c o n s t a n t  s t i r r i n g  o f  t he  enzyme e x t r a c t .  Ammonium 

s u l p h a t e  was s lowly  added to the  s u p e r n a t a n t  from Stage  1 u n t i l  a 

s a t u r a t i o n  of  30/% was r e a c h e d .  Th i s  s o l u t i o n  was c e n t r i f u g e d  f o r  

20 mi n u t e s  a t  32 OGOj .̂ The s u p e r n a t a n t  was then b r ou g h t  up t o  60/% 

s a t u r a t i o n .  The s o l u t i o n  was c e n t r i f u g e d  as  b e f o r e ,  and t he  

s u p e r n a t a n t  d i s c a r d e d .

S tage  3 : -

Gel F i l t r a t i o n  on Sophadex 0 - 1 0 0 : -

The p r e c i p i t a t e  from t he  p r e v i o u s  s t a g e  was d i s s o l v e d  

in  e l u t i o n  b u f f e r  and p l a c e d  on a Sophadex G - 100 column (3,2cm a 60cm) . 

The e l u t i n g  b u f f e r  was run t h rough  the  colurm and f r a c t i o n s  o f  6 ml 

o r  l e s s  were c o l l e c t e d .  In most  c a s e s  f r a c t i o n s  ol  more than  8 

enzyme u n i t s  pe r  ml were poo l e d .

St age 4:-

The 7 0 ’% Ammonium Sulphate F rac 4 i ana t i on :-

The poo l ed  e l u e n t  was b rought  up to  70/% s a t u r a t i o n  

wi th  ammonium s u l p h a t e ,  c e n t r i f u g e d  f r 20 mi nu t e s  at  32 000cj_, and



t he  s u p e r n a t a n t  d i s c a r d e d .  The p r e c i p i t a t e  was token  up in  a 

minimal  amount of  s t o r a g e  b u f f e r .

N.B. H e r e a f t e r  enzyme which has  comple t ed  s t a g e  4 i s  r e f e r r e d  t o  

as  "PURIFIED ENZYME".

(b)  P u r i . i c n t i o n  of  H e p a t i c  3-HAAO: -  

S t age  1 : -

L i v e r s  wore homogenized fo r  45 seconds  and 

c e n t r i f u g e d  a t  32 000cj_ f o r  25 min>' + ec .

S t age  2 : -

L i v e r s  were h a nd led  i n  one of  two ways -  t hey  we r e  

s u b j e c t  to  e i t h e r  ammonium s u l p h a t e  f r a c t i o n a t i o n ,  OR t o  on a c e t o n e  

f r a c t i o n a t i o n .

Ammonium S u l p h a t e  F r a c t i o n a t i o n : -

The enzyme e x t r a c t  from s t a g e  1 was s u b j e c t  t o

c o n s t a n t  s t i r r i n g  w h i l e  ammonium s u l p h a t e  was added t o  30%

A f t e r  c e n t r i f u g a t i o n  (32 000fj_ f o r  20 m i n u t e s )  ammonium s u l p h a t e  was

added t o  t he  s u p e r n a t a n t  t o  60% s a t u r a t i o n .

Acetone  F r a c t i o n a t i o n : -

Acetone  a t  -15°C was r a p i d l y  s t i r r e d  i n t o  t he  homogenate 

s u p e r n a t a n t  t o  a c o n c e n t r a t i o n  of  42/o ( v / v ) . Th i s  s o l u t i o n  wa; 

c e . t r i f u g e d  a t  -5°C fo i  10 mi nu t e s  r e a c h i n g  a maximum o f  22 000£.

A f t e r  c e n t r i  fugc i  io;i ,  cv 4 o ' v  was added to  t he  s u p e r n a t a n t  t o  a 

c o n c e n t r a t i o n  of  60"o ( v / v ) ,  keep i ng  t he  s o l u t i o n  a t  a t e m p e r a t u r e  

between - 5 °  and -  1.0°C. Th i s  was 1 hen c e n t r i f u g e d  a t  - 1 0  C f o r  10 

mi nu te s  (maximum 10 0 0 0 ^ ) .  The s u p c r n o 1 an t  was d i s c a r d e d .

S t a g e s  3 and d : -

These were i d e n t i c a l  wi th  t h o s e  in r e n a l  3-HAA0

p u r i f i c a t i o n .



2 .  STORAGE OF 3-HAAO:-

o

3 - H y d r o x y o n t h r a n i l i e  a c i d  i s  an u n s t a h l u  enzyme and 

s t o r a g e  i s  i n e v i t a b l y  a s s o c i a t e d  w i t h  l o s s  o f  a c t i v i t y .  

Op t ima l  s t o r a g e  c o n d i t i o n s  have been examined in t e rms  of  

t e m p e r a t u r e ,  s t o r a g e  media and s t a g e  of enzyme p u r i f i c a t i o n .

( a )  Temperat  u r e : -

Enzyme a t  t he  homogenate  s t a g e  was s t o r e d  a t  4 

end 37°  and t e s t e d  f o r  a c t i v i t y  o ve r  a 3 hour  p e r i o d .

( b )  S t o r a g e  Medici f o r  t he  p u r i f i e d  Enzyme ( l i v e r , 
GG s t r a i n , * ; -

The enzyme was s t o r e d  i n  one o f  t h e  f o l l ow i ng  

s t o r a g e  media a t  - 2 0  C f o r  58 d a y s : -

1. S t o r a g e  b u f f e r  ( 0 , 3-M ammonium a c e t a t e

w i t h  DTT and h y d r a t e d  f e r r o u s  s u l p h a t e  -  1-mM in  t h e  f i n a l  

c o n c e n t r a t i o n ,  pH 6 , 5 . )

2.  S t o r a g e  b u f f e r  mixed in  r a t i o n  o f  1 : 1

( v / v  wi th  d i s t i l l e d  d e i o n i z e d  w a t e r .

3.  A m i x t u r e  o f  s t o r a g e  b u f f e r  and g l y c e r o l

(J ; 1 v / v ) .

4.  A m i x t u r e  o f  s t o r a g e  b u f f e r  and g l y c e r o l

( 4 : 1  v / v ) .

These enzymes s o l u t i o n s  were s u b j e c t  to  thawing 

and r e f r e e z i n g  e i g h t  t imes  d u r i n g  the  58 day s t o r a g e  p e r i o d .

5.  S t o r a g e  b u f f e r  fo l l owed  b y : -

a .  F r e ez e  d r y i n g

b. o v c r n i  t d i a l y s i s  and then  f r e e z e  

d r y i n g .

6.  S t o r a ge  d i l u t e d  in wa te r  (1 : 1 v / v )

fo l l owed  by a .  and b. above.
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A l i q u o t s  o f  t he  f r e e z e  d r i e d  enzyme were token  up in  

s t o r a g e  b u f f e r  i m m e d ia t e l y  p r i o r  t o  t e s t i n g .

S t ages Purine Pu r i  f icat i nn a t w h it h tlie fn/y: - may be
S t o Te d : -

L i v e r  (homogenate  -  s t a g e  1, and p u r i f i e d  ( s t a g e s  1 t o  4) 

and k idney  (homogenate  -  s t a g e  1, a f t e r  607' ammonium s u l p h a t e  

f r a c t i o n a t i o n  -  s t a g e s  1 and 2 ,  and p u r i f i e d  -  s t a g e s  1 t o  4)  

were  s t o r e d  a t  -20°C and a s s a y ed  a t  i n t e r v a l s  f o r  up t o  2u days .

As t h e  homogenate s t a g e  i s  c o n v e n i e n t  f o r  s t o r a g e  an a t t e m p t  

was made to s t a b i l i z e  t he  enzyme a t  t h i s  s t a g e .  The f o l l o w i n g  

a d d i t i v e s  were u s e d : -  In Vi t i n : Sodium hyd r o x i de  was added

t o  a s a l i n e  s o l u t i o n  to  b r i n g  t he  pH t o  10.  Th i s  s a l i n e  

s o l u t i o n  was then mixed wi th  a l i q u o t s  o f  both  l i v e r  and k i dney  

homogenate  in  t h e  r a t i o  o f  1 : 3  ( v : ) .

Tryptophan was d i s s o l v e d  i n  a s i m i l a r  s o l u t i o n ,  NaOH 

be i ng  used to a d j u s t  t he  pH t o  10.  The f i n a l  c o n c e n t r a t i o n  of  

t r y p t o p h a n  was 10 mg/ml.

C o r t i s o l  a t  a f i n a l  c o n c e n t r a t i o n  o f  0 , 3  mg/ml.

Each o f  t h e s e  s u b s t a n c e s ,  in  the  c o n c e n t r a t i o n  shown 

above,  was i n c u b a t e d  wi t h  t he  homogenate enzyme s o l u t i o n  a t  4°  

and 37°C.  The e f f e c t s  o f  t h e s e  a d d i t i v e s  on l i v e : :  and k i dney

s t a b i l i t y  compared w i t h  c o n t r o l  were s t u d i e d  o ve r  a 3 hour

p e r i o d .  In t h e  c a s e  o f  i n  v i t r o  c o r t i s o l  t r e a t m e n t  t he  p e r i o d  

s t u d i e d  was ex t en de d  to o ve r  25 days  a t  -20°C.

In Vi ' >: C o r t i s o l  in  a dose  o f  3 mg/100 gm body weight

was admin i ' e red by in I rope r  i toner;] i n j e c t i o n  (p .  11 -12) .  The r o t s  

were k i l l e d  at 35,  /U, i uo ,  180, 240 and 360 mi nu t e s  p o s t  

i n j e c t i o n .  Momogenator, (pH 3 , 8 )  were p r e p a r e d  (p .  1 4 - 1 5 ) ,  s t o r e d  

a t  -20  C and t e s t e d  at i n t e r v a l s  1 o r  up to  27 d a y s .

<*



3 .  E S T I M ATION o r  T l IT A V f l V / T  MOI ECU! Al: WEIGHT Of 3 - H A A O
FROM I:AT I. J ■'i :: 7 . i : D  K i U ' i i  Y ~

( a )  By Gel F i 11 1 a t  i o n : -

The moJ o c u l a r  w e i g h t s  o f  3-HAAO l i v e r  (GG s t r a i n  

and k i dney  (LE s t r a i n )  have been d e t e r m i n e d  u s i n g  a c a l i b r a t e d  

Sephadex C-75 coluiun ( 1 , 6  cn, x 60 cm) a c c o r d i n g  t o  t he  method 

o f  Andrews ( 1 9 7 0 ) .  P r o t e i n s  used as  s t a n d a r d s  f o r  m o l e c u l a r  

w e i gh t  d e t e r m i n a t i o n s  w e r e : -

L a c t i c  dehydr ogenas e ,

Myoglobin,

T r y p s i n  i n h i b i t o r ,

Cytochrome C,

( a lbumin ,  and 

Serum albumin

The enzyme and s t a n d a r d  p r o t e i n  s o l u t i o n s  were e l u t e d  

from t h e  column u s i n g  e l u t i o n  b u f f e r :  3 , 3  ml f r a c t i o n s  were

c o l l e c t e d .  The e l u t i o n  volume f o r  each  p r o t e i n  was d e t e r m i n e d  

from t h e  280 nm peak .  In t h e  c a s e  o f  t he  enzymes from l i v e r  

and k i d ne y ,  both  a c t i v i t y  and a b s o r b an c e  a t  280 nm were p l o t t e d .  

The m o l e c u l a r  we i gh t  o f  the  enzyme was d e t e r m i n e d  by p l o t t i n g  

t h e  log o f  t he  MW of  t he  s t a n d a r d s  a g a i n s t  t he  e l u t i o n  volume

( V e ) .

( b ) Po1y a c i y 1 amide Gel f 1r c t r o p h o r o s i s  in Sodium 
Dodecyl  r.u 1 phut  o ( b!>S ) : -

The method o f  Weber and Osborn (1969)  was fo l l owed  

e x c e p t  t h a t  g e l s  were no t  d e s t a i n e d  e l e c t r o p h o r e t i  c a l J y .  The 

enzyme was not  e . !uted from t he  g e l s .  The v a l ue  o f  SDS i s  t h a t  

i t  e l i m i n a t e s  t he  e f f e c t  o f  chorge  on t he  m i g r a t i o n  of  p r o t e i n ,  

( S h a p i r o  e t  al  . . '967, Sh ap i r o  and Mi g i l  1969) .



The enrynies used  in  t h i s  e x p o r i m e r t  were the  same as 

d e s c r i b e d  in  g e l  f i l t r a t i o n  e xcep t  t h a t  l i v e r  and k idney  of  

r a t s  ( SD s t r a i n )  fed f o r  4)  weeks on DAB were a l s o  t e s t e d .

Two s e p a r a t e  runs  were d on e . In t he  f i r s t  e xp e r i me n t  

t h e  m i . 'ker  and enzyme s o l u t i o n s  had been i n c u b a t e d  w i t h  SDj 

f o r  2 hou r s  a t  37°C. In t he  second run t h e s e  s o l u t i o n s  had 

been i n c u b a t e d  a t  4 C f o r  a f u r t h e r  36 days .

4 .  EU-XTROPtiORfSIS OF FNZYMT ON ACRY1.AMIDE GEL : -

P o l y a c r e ] a n a  de e l e c t r o p h o r e s i s  was ca r  l ed  out  a c c o r d i n g  

t o  t he  method o f  Davi s  ( 1964) .  Gel c o n c e n t r a t i o n  was 7,5% , 

t he  g e l  b u f f e r  c o n s i s t i n g  of  0,06-M t r i s  /HCl (pH 8 , 4 )  

c o n t a i n i n g  1-mM DTT. The r unn ing  b u f f e r  was 0,05-M t r i s  /  HC1 

a l s o  pH 8 , 4  and c o n t a i n i n g  1-mM DTT. Enzyme s o l u t i o n s  were 

p r e p a i d  in  \0% s u c r o s e  c o n t a i n i n g  0 , 2 ^  bromophenol  b l u e .  A 

t o t a l  c u r r e n t  o f  16 m Amps was used u n t i l  t he  dye had e n t e r e d  

t h e  g e l ,  t h e r e a f t e r  t he  c u r r e n t  was i n c r e a s e d  t o  32 m Amps. 

E l e c t r o p h o r e s i s  was s t opped  j e t  b e f o r e  t he  dye r e a ch e d  t he  

end of  t h e  g e l s .

Ge l s  were s t a i n e d  in  p a i r s  -  one l o r  p r o t e i n , t h e  o t h e r  

f o r  a c t i v i t y .  The g e l  t o  be s t a i n e d  f o r  a c t i v i t y  was 

i n c u b a t r - d  in a s o l u t i o n  of  a s s a y  b u f f e r  c o n t a i n i n g  s u b s t r a t e .  

A c t i v i t y  was d e t e c t e d  as  a da rk  n o n - f l u o r e s c e n t  bond u nde r  UV 

l i g h t  a p p a r a t u s .  The p r o t e i n  was f i x e d  wi t h  20/'  

t r i c h l o r o a c e t i c  <. : , and s t a i n e d  wi th  2 , i)/.- Coomus s i e b lue  

Methanol  (CH^OH: . Ll ^CO'T! - 5 : 4 : 1 ) .

Both l i v e r  and k idney  enzyme f a i l e d  t o  m i g r a t e  when t he  

pH of  the g e l  an i runn ing  b u f f e t  w e i . 8 , 1 .  I f  t he  pH oi  t he

r unn ing  b u f f e r  was i n c r e a s e d  to 9 , 2 ,  s l i g h t  movement was
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o b s e r v e d .  I n c r e a s e d  migi a t . i on  was o b s e r v e d  when t h e  p>l f o r  

bo th  t he  g e l  and r unning  b u f f e r  was 9 , 2 .

The p u r i f i e d  enzyme was d i a l y s e d  a g a i n s t  a 0,3-M 

ammonium a c e t a t e  s o l u t i o n . Af t c i  f r e e z e  d r y i n g  10-.1j  mg o f  

t h i s  p r o t e i n  were d i s s o l v e d  in  a 0 , 5  ml 8-M u r e a  s o l u t i o n  in  

4 z2% NaCH0^(pH 9 , 5 ) .  Danv.yl c h l o r i d e  (25 mg) in  0 , 5  ml of  

a c e t o n e  were added.  The s o l u t i o n  was shaken o v e r n i g h t  and 

t h e n  d i a l y s e d  a g a i n s t  d i s t i l l e d  w a t e r  f o r  72 -  96 h o u r s .  The 

p r e c i p i t a t e  was washed w i t h  wa te r  t wi ce  f o l l owe d  by two a c e t o n e  

washing and spun down by c e n t r i f u g a t i o n .  The p r o t e i n  wao 

h y d r o l y s e d  o v e r n i g h t  i n  a ^ a l e d  t ube  wi th  0 , 5  ml o f  5-N HC1. 

The a c i d  was removed unde r  vacuum and the  h y d r o l y s a t e  d i s s o l v e d  

i n  e i t h e r  e t h e r  o r  w a t e r .  l a r k c r s  o f  d a n sy l  amino a c i d s  were 

p r e p a r e d  as  d e s c r i b e d  by Boul ton  and Bush ( 1964) .  Lysozyme 

and r i b o n u c l e a s o  were t r e a t e d  in  an i d e n t i c a l  f a s h i o n  as 

d e s c r i b e d  above end c l  so used as  marker  s o l u t i o n s .  

Chromatography of t he  d a n sy l  amino a c i d s  was e a r n e d  ou t  on 

s i l i c a  g e l , u s i n g  t he  f o l l o w i n g  s o l v e n t  s y s t e m s : -

DETERMINATION OF TIT *NI -  TtT.MTNAL GROUPS BY 1 Mb
DANSYL Cl IL0R1DE MLli t 'D: -

The p r o c e d u r e  used was as  f o l l o w s :

Un id i n e ns i  onol  Chi nmo 1 e g r a p h y : -

( a )

(b)

( c )

Chlo ro fo r m : m<-thnnnl : a c e t i c  a c i d  
( 1 5 : 4 : 1 )  ( v / v ) .

Butanol  : a c e t i c  a c i d  : wa t e r  ( 4 : 2 : 1 )  ( v / v ) .

Methvl  a c e t a t e  : p ropane]  : aqueous  ammonia
( 1 : 2 : 4 ) .  ( v / v ) .

e t by] a c e t a t e ;  me thanol  :
( 3 0 : 5 0 : 2 0 : 1 )  ( v / v ) .

r i d i n o  : ace t  i c  a c i d  ( 1 6 : 4  :1)

Chloroform 
a c e : i u ac id



(By Two Dimunr, iortnl Ch romatoc; ronhy :

S o l v e n t  (b )  in  t he  f i r s t  d i r e c t i o n  and s o l v e n t  

(d )  in  t he  second d i r e c t i o n .

6 .  THE CATALYTIC SITE: -

In  t he  f o l l o w i n g  e x p e r i m e n t s  t h e  a s s a y  c o n d i t i o n s  were 

i d e n t i c a l  > > t h o s e  d e s c r i b e d  on page e x c e p t  f o r  t he  

c o n s e c u t i v e  a l t e r a t i o n s  in  pH, t e m p e r a t u r e  and s u b s t r a t e  

c o n c e n t r a t i o n ,  as  d e s c r i b e d  in each s e c t i o n .

( a )  pH O p t i m u m : -

The enzyme was r e a c t e d  a t  pH v a l u e s  v a r y i n g  

between 5,  /' and 8 , 5 .  Assay I- ■ • was a d j u s t e d  t o  t h e  d e s i r e d  

pH wi t h  NaOH.

( b )  Tempera ture  Optimum: -

At a pH of j t h e  a c t i v i t y  o f  3-HAAO was a ss ayed  

a t  t e m p e r a t u r e s  r a ng i ng  between 31 -  43 C.

( c )  Michae l  i s  Cons t an t

Thi s  was d e t e r m in e d  a t  a pH of  7 , 6  and t e m p e r a t u r e
+ oof  29 -  0 , 5  C. The enzymes t e s t e d  were l i v e r  and k i dney  3-HAAO 

o f  t h e  SO s t r a i n  wi th  and w i t h o u t  i n  v i v o c o r t i s o l  o r  DAB 

t r e a t m e n t .

7 .  THE ANTIGENIC SITE: -  

An ima l s : -

fwo a d u l t  male r a b b i t s  o f  t he  New Zea l and  w h i t e  s t r a i n  

were housed in s e p a r a t e  cages  and fed  ad 1 i 1) on r a b b i t  p e l l e t s  

and w a t e r .  Both r a b b i t s  remained h e a l t h y  t h r o u g h o u t  t he  

p e r i o d  of  t he  e x pe r im e n t .  A c o n t r o l  blood specimen was taken



from both r a bb i t . s  p r i o r  t o  s t a r t i n g  a n t i b o d y  i n d u c t i o n .

Blood was o b t a i n e d  from v e s s e l s  i n  t he  p i n n a  of  t h e  e a r s  in  

bo t h  c a s e s .

P u r i f i c a t i o n  o f  Ant igen

Rat  l i v e r  (OG s t r a i n )  3-HAAO was p u r i f i e d  a c c o r d i n g  t o  

t h e  scheme on page 16 ( S t age  I I  i n v o l v e d  the  use  o f  ammonium 

s u l p h a t e ) . The 70/f ammonium s u l p h a t e  p r e c i p i t a t e  was f u r t h e r  

p u r i f i e d  by be in g  s u b j e c t e d  to chromatography  on a column o f  

G-75 ( 1 , 6  cm x 60 cm).  Three f r a c t i o n s  wi th  a mean s p e c i f i c  

a c t i v i t y  o f  2 7 , 6  ( t o t a l  a c t i v i t y  -  658 u n i t s ,  t o t a l  p r o t e i n  

= 2 3 , 86  mg) were p oo l ed  ( F i g .  2 shows t he  p r o t e i n  /  a c t i v i t y  

e l u t i o n  p r o f i l e ) .  The combined f r a c t i o n ^  were p r e c i p i t a t e d  

w i t h  70/£ ammonium s u l p h a t e .  The enzyme was d i s s o l v e d  in 

normal  s a l i n e  and d i o l y s e d  a g a i n s t  s a l i n e  to  remove ammonium 

s u l p h a t e . The enzyme was then  mixed i n  a 1 : 1 r a t i o  wi t h  

F r euds  Complete  Adjuvan t  ( Wi l l i a ms  and Chase 1967) .

P r e p a r a t i o n  of  A n t i b o d y : -

The r a b b i t s  s e r e  i n j e c t e d  i n t r a m u s c u l a r l y  f o r  t he  

r e a s o n s  o u t l i n e d  by Lcskowi t z  and Waksman ( i 9 6 0 ) .  The 

e x p e r i m e n t a l  r a b b i t  was i n j e c t e d  wi t h  3 ml of  t h e  enzyme /  

a d j u v a n t  m i x t u r e  -  t h i s  c o n t a i n e d  3 mg /  ml of  enzyme p r o t e i n .  

The c o n t r o l  an imal  r e c e i v e d  an e q u i v a l e n t  of  s a l i n e  /  a d j u v a n t  

Volumes of  not  more t han  0 , 7 5  ml were i n j e c t e d  i n t o  any one 

s i t e .  No b o o s t e r  was a d m i n i s t e r e d .

The r a b b i t s  were b l e d  a t  i n t e r v a l s ,  t he  b lood  a l l owed  

c l o t  and t he  scrum was p i p e t t e d  o f f .  The serum was used as  

such f o r  a n t i b o d y  t i t r a t i o n  e x p e r i m e n t s ,  was was s u b j e c t e d  to 

b0% ammonium sulphate f r a c t i o n a t i o n  p r i o r  to  use  i n  ge l  

d i f f u s i o n .  The a n t i b o d y  p r e c i p i t a t e  was d i s s o l v e d  in 0 , 9 ^  

s a l i n e  p r i o r  to  use .
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F i n u r e  2

Activity and protein prohln of G O  rat liver 3'hydroxyonthranilic acid oxygenase 
on G75 sephadex (f6’60an) column used for anhbody production in New Zealand 
white lobbit

80T o enryme activity profili 
e protein profile
1 I fractions used for

antibody production
60-

E
i ■2040-

20 -

Yolume eluted ( ml)
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( a )  Gel D i f f u s i o n : -

The a ga r  f o r  t he  d oub l e  d i f f u s i o n  e xp e r i men t  was 

p r e p a r e d  as  f o l l o w s : -

Bacto oga; (15 gni) was seal  ed o v e r n i g h t  in 1 l i t r e  o f  

d i s t i l l e d  w a t e r .  Th i s  was then a u t o c l a v e d  a t  20 l b s  /  sq.  

i n c h  fox 2C mi nu te s  and t he  f o l l o w i n g  s u b s t a n c e s  were added

KH P0.  1 , 53  gm

No^HPO^ 8 , 4 7  gm

NoCl 9 , 0  gm

Na a z i d e  1 0 , 0  gm

The pH o f  t h i s  s o l u t i o n  was between 7 , 2  -  7 , 5  at J was 

m a i n t a i n e d  a t  a t e m p e r a t u r e  o f  68 C. A 1 mm t h i c k  l a y e r  o f  

a g a r  was poured i n t o  a p e t r i  d i s h  and a l l owed  t o  s e t .  A 

p l a s t i c  m a t i i x  wi th  o i e  c e n t r a l  and f o u r  p e r i p h e r a l  c i r c u l a r  

p r o j e c t i o n s  was p l a c e d  on t h e  s e t  l a y e r  o f  a g a r .  A f u r t h e r  

l a y e r  o f  a ga r  was poured  i n t o  t he  p e t r i  d i s h  t o  a de p t h  o f  

3 mm, a l l owed  to  s e t  and t he  m a t r i x  was then  removed.

Ant ibody o r  c o n t r o l  serum were p l a c e d  in  t he  c e n t r a l  

w e l l  wh i l e  a n t i g e n  was pipe* t ed  i n t o  t h e  p e r i p h e r a l  w e l l s .  

D i f f u s i o n  was c a r r i e d  ou t  a t  37 , 20  and 4 C. S t a i n i n g  conformed

t o  t he  t e c h n i q u e  employed by U r e i l  ( 1 9 6 7 ) .

(b ) An t i body Antigen Ti f i a l i e n :-

Enzyme of  both l i v e r  and k idney  at ' homogenat  o '  and 

' p u r i f i e d '  stage;:, were i n c u b a t e d  wi th  a n t i bo d y  and a l l owed  to  

r e a c t  a t  4 C. The enzyme a c t i v i t y  was t e s t e d  and a n t i b o d y



added u n t i l  no f u r t h e r  a c t i v i t y  cou l d  be d e t - c t e d .  The s o l u t i o n  

was t hen  c e n t r i f u g e d  a t  4°C and t he  ant i b o d y - a n t  i<j< n p r e c i p i t a t e  

s e p a r a t e d  from t h e  s u p e r n a t a n t .  Varying  volumes o! p u r i f i e d  C>G 

l i v e r  a n t i g e n  were added t o  t he  s u p e r n a t a n t ,  a l l owed  to r e a c t  wi th  

any rema i n i ng  a n t i b o d y ,  and a c t i v i t y  was r* —t e s t e d .  Schemat i  a 

r e p r e s e n t  a t  i on of  a n t i b o d y  a n t i g e n  t i t r a t i o n  a p p e a r s  on F i g .  3.

The u t i l i z a t i o n  o f  c o n t r o l  serum d i d  no t  e l i m i n a t e  e r r o r s  

due t o  t he  v a r i a b l e  r e s p o n s e  of  3-HAAO t o  d i l u t i o n ;  somet imes 

t h e r e  r e s u l t e d  an enhanced a c t i v i t y  of  t h e  enzyme, who. as  a t  o t h e r  

t i m e s  some enzyma t i c  a c t i v i t y '  qpp" c i ed t o  b? l o s t .  For  i n s t a n c e ,  

a t h r e e  f o l d  d i l u t i o n  of  an enzyme s o l u t i o n  c o n t a i n i n g  100 u n i t s  o f  

enzyme a c t i v i t w co u l d  r e s u l t  in o s o l u t i o n  c o n t a i n i n g  e i t h e r  more 

o r  l e s s  but  seldom the same ai’oun t  o f  enzyme a c t i v i t y .  In  o t h e r  

words ,  d i l u t i o n  a f f e c t e d  t h e  me as ur ab l e  onzymo a c t i v i t y  and d id  so 

i n  an u n p r e d i c t a b l e  manner .  C h e r  worke r s  in  t h i s  f i e l d  have 

found s i m i l a r  e r r a t i c  ! ; °hav i cu r  o f  t h i s  enzyme. I n e v i t a b l e  smal l  

volume l o s s e s  i n h e r e n t  r n t h i s  p r o c e d u r e  a r c  not  n e c e s s a r i l y  equa l  

i n  c o n t r o l  and e x p e r i m e n t a l  s pec imens .  The p r e s e n t  a u t h o r  found 

t h a t  t h i s  method i s  both c r ude  and i n a c c u r a t e ,  and f u r t h e r m o r e  i t  

consumes r e l a t i v e l y  l a r g e  q u a n t i t i e s  of  a n t i b o d y . As a q u a n t i t a t i v e  

measure  of enzyme p r e s e n t  i t  p roved  a f a i l u r e ; q u a l i t a t i v e l y ,  t he  

g e l  d i f f u s i o n  method was s u p e r i o r .

8 .  A TFST FOR PAH FN/YMF COKIT-I X FORMATION• -

A l i q u o t s  o f  formic  a c i d  were added to  p u r i f i e d  l i v e r  and 

k idney  3-HAAO o f  an i ma l s  which had b'wn s u b j e c t e d  t o  4 , 5  and 7 , 5  

weeks o f  d i e t a r y  DAB. The c o l o u r  was then  no t e d  wi t h  the  naked 

e y e . Th i s  i s  a m o d i f i c a t i o n  of  t he  t e c h n i q u e  employed by

K e l t e r e r  ' J  o l .  (1967) ,  based  on the  pit  k c o l o u r  p roduced  on

a c i d i f i c a t i o n  of  the oro dye .
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F i q u i e  3.

Schemata representation ol neutralization of Lt-liydroxyanthranllic acid oxygenase activity
via embody antigen precipitdion

Enzyme used - liver either purified or homogenate stagekidney
May be cortisol treated in vivo 
Strom IE, G G  or SD 

Aefifciody.- produced ogams! G G  liver antigen
~  80-i

Key

01 02 0 3

0 control serum added 
O antibody ccdoming serum added

volume of scrum added (ml
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( a )  k f s u i t s  o r  s i u D i r s  n  : . n r j £ ! )  t o  i i i r  w v i ^ o r N A TE s i A ^ . r . : -  

1.  TUT OUANr i T A T T VF  P r v n  OPi-U: NT  O f  3-HAAO

One f i f t h  o f  t i ’.c t o t a l  nuiiibor v f r a t s  a v a i l a b l e  were 

u s ed  in t h i s  s tudy  -  in s p i t e  o f  t h i s  t he e x p e r i m e n t a l  d a t a  

o b t a i n e d  l a c k s  s u f f i c i e n t  d e t a i l .

( a )  T i s s u e  f n ve st i a a

The f o l l o wi n g  o r g a ns  o f  7 day and 8 month o ld

r a t s  were e xami n ed : -  Sp l een ,  l ung ,  h e a r t , smal l  i n t e s t i n e ,  l i v e r ,  

k i d n e y  and b r a i n .

3-HAAO was i s o l a t e d  t iom the cy t op la sm of  o n l y  l i v e r  and 

k i d n e y .  I t  i s  p r e s e n t  in both o f  t h c s "  o r ga ns  a t  7 days  ( l i v e r  -  

1 3 8 , 5  -  8 , 5 ,  k i dney  -  2 5 , 5  -  2 , 5  both  e x p r e s s e d  as  enzyme u n i t s  pe r  

gram we ight  o f  o r g a n )  and a t  8 months ( l i v e r  -  137 ,5  -  4 , 8  k idney  

-  1 24 , 8  -  5 , 1  EA/gm wet wt .  o r g a n ) o f  age .

( b) In- -n 11 o r a l  Q u a n t i t i e s  of  3-HAaO : -

F ig i  4 she vs t he  h e p a t i c  enzyme development

be tween 7 and 360 days  in male and female  SD r a t s .  The male l i v e r  

enzyme i s  d e v e l o p i n g  r a p i d l y  and d e m o n s t r a t e s  t he  ‘o v e r s h o o t  

phenomenon a t  59 days .  By A months t h i s  enzyme has  q u a n t i t a t i v e l y  

s t a b i l i z e d .  Female h e p a t i c  3-HAAO i s  at  a h i g h e r  l e v e l  a t  7 days 

o f  age and no s i g n i f i c a n t  i n c r e a s e  in t he  l e v e l  o f  t h i s  enzyme was 

n o t e d .

F i g u r e  5 d e m o n s t r a t e s  t he  r e n a l  3-HAAO development  in 

t h e  same a n i ma l s  used  to s tudy t h<> h e p a t i c  enzyme deve l opment .  Tne 

k i d n ey  enzyme i s  f a r  lower a t  7 days  t iron h e p a t i c  3-HAAO. I he

■"Enzymes t hat  unde r go  a l a r g e  i n c r e a s e  i n a c t i v i t y  d u r i n g  a s h o r t  
p e r i o d  o f  t i me ,  t t "queo I 1 y r i s e  above  t h e i r  adul t ,  l e v e l  and 
s u b s e q u e n t l y  f u l l  buck to a r e l a t i v e l y  s t a b l e  l e v e l .  T h i s  i s  
c a l l e d  t he  o v e r s h o o t  phenomenon.  (Moay 1 9 7 1 ) .
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developnivnt  o f  t h i s  enzyme in t he  moJ e and fer.io.1.;: Lends In a 

s i m i l a r  o v e r a l l  pot t a r n ,  but  t he  male muin Loins o hi rjh<.‘ i 

c o n c e n t r a t i o n  t he  r a t i o  of  which i r c i f  a-.es wi th  age .  I he f emale  

k i dn e y  enzyme demons1 1 a t e s  the "ov -■ r s i ' eo t  ph.onoin 'ncin a b s e n t  an 

t h e  male owing t o  h i s  a b i l i t y  t o  wain I in t he  h i g i w r  r e n a l  l e v e l  of  

3-HAAO in a d u l t  l i  f •.

f u r t h e r  ov^cence  t h a t  t he  q u a n t i t y  o f  3-HAAO d i f f e r s  in  

male  and female  k idney  i s  found in  f i g u r e  6 which o u t l i n e s  the  

v a r i a b i l i t y  o f  . t f i c  a c t i v i t y  a s s o c i a t e d  wi th  t he  deve lopment  

o f  t h i s  enzyme i  • ' 1 _• male and female  k i d n e y .  The s p e c i f i c  

a c t i v i t y  in the  r a t i o  o f  enzyme a c t i v i t y  t o  c y t o p l a s m i c  p r o t e i n  

c o n c e n t r a t i o n  i s  s t a t i s t i c a l l y  s i g n i f i c a n t l y  d i f f e r e n t  between 

male  and female  a t  59 and 183 days  o f  age .

F i g u r e  7 shows t he  changes  in  s p e c i f i c  a c t i v i t y  a s s o c i a t e d  

wi th  h c p a t o c y t e  dcvolopr  n t .  At 39 days  t he  l e v e l  o f  3-HAAO i s  

r e l a t i v e l y  h i g h e r  than t he  o t h e r  c y t o p l a s m i c  p r o t e i n s  -  t h i s  may 

w e l l  imply r e l a t i v e l y  e a r l y  development  o f  t h i s  enzy me ' s  g e n e t i c  

a p p a r a t u s .
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2. TH F- INFER ACTION BF TWEEN COR1T5QL Ann_JMjAAO

Hepotic  3-HAAO re sponds  t o  i n 4 r a p e x i t o n e a l  c o r t i s o l  

(3 mg /  100 gm body we i gh t )  by s i g n i f i c a n t l y  i n c r e a s i n g  i t s  l e v e l  

o f  a c t i v i t y .  Thi s  h e p a t i c  r e s p o n s e  and t h e  f a i l u r e  o- r e n a l  

3-HAAO t o  respond  t o  c o r t i s o l  are g r a p h i c a l l y  d e m o n s t r a t e d  m  

F i g u r e  8.  F i g u r e  9 shows t h e  e f f e c t s  o f  c o r t i s o l  i n j e c t i o n  on 

s p e c i f i c  a c t i v i t y .  The v a r i a b i l i t y  o f  s p e c i f i c  a c t i v i t y  d e m o n s t r a t e s  

c o r t i s o l ' s  g e n e r a l i z e d  ( s i m u l t a n e o u s  and a l s o  s u c c e s s i v e )  e f f e c t  

on p r o t e i n  s y n t h e s i s .  At 105 mi nu t e s  t he  s p e c i f i c  a c t i v i t y  of  

r e n a l  3-HAAO r e a c h e s  a peak.  The change  i s  a t t r i b u t a b l e  to a 

combined e f f e c t  -  a s l i g h t l y  i n c r e a s e d  enzyme a c t i v i t y  l e v e l  ( F i g .  8)  

plu s  a decrease  in ren a l  p r o t e i n .  No s a t i s f a c t o r y  e x p la n a t io n  i s  

known fo r  c o r t i s o l  d e c re a s in g  renal p r o t e i n s  a t  105 minutes .  Noall  

e t  a l .  (1957)  have shown an i n c r e a s e d  l e v e l  o f  omino a c i d  in  Kidney 

and l i v e r  120 mi n u t e s  a f t e r  h y d r o c o r t i s o n e  i n j e c t i o n .

An attempt to  obta in  in form ation  about the  mechanism whereby 

c o r t i s o l  in f lu e n c e d  h e p a t ic  3-HAAO was mode u s in g  Act in im ycin  D.

Table 1 shows s i g n i f i c a n t  i n d u c t i o n  o f  h e p a t i c  3-HAAO i s  i n h i b i t e d  

by t h i s  p r o t e i n  s y n t h e s i s  i n h i b i t o r .  B i o l o g i c a l  s t a t i s t i c a l  

s i g n i f i c a n c e  i s  taken as a P va lue  o f  0 ,0 5  or  l e s s .  This  i s o l a t e d  

r e s u l t  p o in t s  t o  c o r t i s o l  a c t i n g  as  an enzyme i n d u c i n g  ag m t  and no t  

v i a  enzyme a c t i v a t i o n .  The 7%) minute time la g  between c o r t i s o l  

i n j e c t i o n  end 3-HAAO l e v e l  e l e v a t i o n  i s  in k e ep i ng  w i t h  t h i s  r e s u l t .  

Actinomycin g iven a l on e  i n c r e a s e s  t h e  m e a s u r e a b l e  3-HAAO l e v e l .

T i s  i n c r e a s e ,  a l t h ou g h  not  s t a t i s t i c a l l y  s i g n i f i c a n t  ( P < 0 , 0 5 )  i s  

s i m i l a r  to  t he  r e s p o n s e  of  ba sa l  t y r o s i n e  a m i n o t i a n s f o r n s e  i n  r a t  

hepatoma t i s s u e  c u l t u r e  on expose»v t o  a c t i n o m y c in  D ( P e t c r k o f s k y  and 

Tomkins,  1967) .  The c r i t i c a l  f a c t o r  a s s o c i a t e d  wi t h  the  i n d u c t i o n  

of  h e p a t i c  enzymes in t i s s u e  c u l t u r e  was found t o  be t h e  c o n c e n t r a t i o n  

of  a c t i n o m y r i n  u s ed .  Gorrc . i nc ron . t cd  t h e  l e v e l  ox

h y d r o c o r t i s o n e - i n d u c e d  t r y p t o p h a n  p y r r o l a s e  i n  r a t  l i v e r  by 

a d m i n i s t e r i n g  ac t i no my ci n  D 5 I ,ours o f t e i  t h e  h y d i o c o r t i s o n e  i n j e c t i o n .
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Ttiblo 3.

uni  |_5: '!'‘jLILJ' L ' r i '• t-Al^

K'.'i i ];. • 'i . J J M ; .

Ail loll I i . led I ’> mi 1r-l ,H'»t in jrc t ion.

(A) Ihr . r t 1 ' f 1 " v r •• ♦I - 1 \  1 V i. -u' - i # H t r Oi l '  '•c

------ -
J . M * ); .

( i ) s _ n v r . . SD A H ’ " 8 t h a M_K:-
"' °i ‘

nr AN AC 11 Vi IV N SEM p

SAl.JNf 16",33 3 36,6?

"FA*: A' t *»" 3 24,56 0,95

Sol ino h r . ; . . f.'1 H. ' t i  f, s 0 f c n t i i> 1 e l l ct  1c r e * ( r r i " . n t » o »

r ui t i to I * t d i l rn \ 11 v •, no *m o . f , t f H r (  '1 nr 3-HA/.0 c . t l . i

(8 ) K« rhc 11S - s L L ■ ’ AM)_: n_ Mi 3

( U ) H i t ' l l ' 1* 8 fon t h ̂ i U : - ■ c 1

hiA-N r s / v - i ACUVI TY N MM p

CWlln 1. 133.61 S 38.28

COkli; .■: 175, r1', s 9,12 0.C5
(3  » g / V " '  <;* t cM , w t . )

At III. in;i,5 I- 6,7/2 0,1
(o.!/:/ r -> / re*-)

ACM'. Mu Is 167, ? 6 10,48 0,2
(1 hi f'i 1 t :> C o r t i s o l )

(Mi) '.11 'IS
CMIHn A. 160,(11 6 7.784
C(*M y > i 770,44 s 9,58 0 / 1

(3 »’? / u>)  y* t u.Iy * t . )

Ml A - H- in »-' r f i r c t » v i t >- {.c i o wvlu1 ’ of oryon,
J[M - or (1u 1<J ♦ i i >. I < ■ f *. •' " *'eon



TAEir ? : n t  /.D A r r / ^Ti TT>‘ c r  3-HftAO IN f'AT 1 IXLR *.\Ti M r ‘.r Y ON IN VIVO f,l ] ►''! AT!f'N VITH f(  ^TJS.OL

STKATN:- Spio^v*-Dnwley

5CX:- Male
IN VI X'O s n  1 ns ; - (o) Inlroprritf.neol c o i i  i sol (3 frg /  l̂ X) gn body wei(, 't). Rot* kil led 3 hour* post

injection.
( t )  l r  11 o[. •: x i tunvo 1 y^in (0,1/5 rg /  i a t ) given 4 Hour* prior to death.

CONTPf*. :- Equivalent volc'ie of %n 1 inn odf.inj*te md. Killed ot zeio time.
M E f  . A. : « The tnzycj activi ty r i i ^rom weight uf ergon.

z r  r  - i ’' 1 Wi TK-i

Cl'..AN - 1 I VI l' OPGAN - Mr-'.--i

N nr/ .v  i . a V M LZ. N M i  AN f .A P 5 _
Cont i r l 5 15 5 .2 4 , 7 3 7 r- 100 ,9 2 , 5 7 5
Co: t i  i r . l 10 ; « i , 8 7 7 . 3 , 1 5 0 . 4 1 05 ,25 3 , 1 5 0 . 9
A c t ino - iy ' in 5 1 7 6 . 4 7 . 157 0 . 9 ■I h '3 , 1 2 , 2 5 7 0 . 4
At t i nc  <-) : in /C o :  t t o l  5 1 7 5 ,6 4 , 6 3 5 0 . 5 9 9 , ( 1 4 , 1 7 0 . 9

z n r  - /,'THS

01 *0 AN - 1 I VI P o r  PAN - _k k ; . ' y

H Ml AN 1 . A v _m £ £ N MT VI J_._A 5t:i PH
Cont io l 5 1 3 7 ,5 4 ,6 7 1 5 1 24 ,64 5 ,1 1 7

Co r t i  t e l 5 2 0 1 , 5 11 ,91 0 . 0 0 ! 5 1 5 0 ,7 2 8 , 3 3 7 0 . 1



The r c s p i ' n <• f en/yi :  to ii iJucit if) a y  n I c. v a r i e s  ,/i th age

and s p e c i e s .  C o r t i s o l  in^ ces  hepcit i c J-HAAO in 8 non th oJ U r a t s  

o f  bo t h  the  IE and SD s t r a i n s  -  t he  , i span so a t  1.05 minute; ,  a f t e r  

i i ' l e c t i o n  i s  however  s t a t i s t i c a l l y  rv >, u s i g n i f i c a n t  i n  r a t s  o f  the 

50 s t r a i n  (Tab l e  1 ( b ) ) .  Ra t s  of  1 he SU ra. 'n were k i l l f d  3 hours  

p o s t  i n j e c t i o n  t h o s e  o f  8 months o f  age respond,  cl wi th  a s i g n i f i c a n t  

i n c r e a s e  in h e p a t i c  enzyme a c t i v i t y ,  those  a t  1 5 , 5  weeks o f  age 

f o i l e d  t o  r espond  ( Tab l e  2 ) .  Table  2 a l s o  show: t h a t  i n  n e i t h e r  

c a s e  d i d  r e n a l  3-HAA0 respond  s i g n i f i e u n t l y  to c o r t i s o l  i n d u c t i o n .

I t  w i l l  be no t ed  t h a t  a l t h o u g h  r e n a l  3- HAAO d id  r i s e  in  8 month o l d  

r a t s ,  t h e  enzyme f a i l e d  t o  r each  b i o l o g i c a l l y  s i g n i f i c a n t  l e v e l s .  

Ac t inomycin  D a lone  once ag a i n  l e d  to ssme i n c r e a s e  in onxy.nc 

a c t i v i t y .  The f a i l u r e  o f  ac t i nornyc in  to  in  Hue,  ice e i t h e r  h e p a t i c  

o r  r e n a l  3 - HAAO p o s t  c o r t i s o l  t r e a t m e n t  f u r t h e r  c o n f i r m s  t h e  

r e s i s t a n c e  o f  t h i s  an imal  t o  c o r t i s o l  i n d u c t i o n .

Table  1A shows t h e  r e s u l t s  o f  an a t t e m p t  t o  i nduc e  h e p a t i c  

3-HAA0 wi th  t he  d i l u e n t  used  in the c o r t i s o l  m i x - o - v i a l .  There  

i s  no s i g n i f i c a n t  r e s p o n s e  uf  the enzyme t o  the  s u b s t a n c e s  i n j e c t e d  

i n  a s s o c i a t i o n  wi th  c o r t i s o l .  The a c t i v e  agen t  i n  h e p a t i c  3 - HAAO 

i n d u c t i o n  i s  t h u s  h y d r o c o r t i s o n e  sodium s u c c i n a t e ,

3.  THE I N H R / C TiHN i . -TRVPTPPHAN AND 3-HAA0: -

In t he  case  o f  l i v e r ,  3 - HAAO a c t i v i t y  was i n c r e a s e d  

a t  35 mi nu t e s  pos t  i n j e c t i o n  -  t h i s  r o g u i d l e s s  of  whe t he r  t he  

s a l i n e  /  NoOH oH 10 c o n t a i n e d  L-1 ryp tophan  o r  n o t . The t r y p t o p h a n  

t r e a t e d  an i ma l s  h a v e  an enhanced  l e v e l  of  h e p a t i c  enzyme a c t i v i t y  

a t  180 mi nu t e s ,  t hey  a l s o  have a s i g n i f i c a n t l y  dec . r ea red  l e v e l  of  

a c t i v i t y  at  2-10 m i n u t e s .  A l k a l i  t r e a t e d  c o n t r o l  a n i ma l s  m a i n t a i n  

on a c t i v i t y  l e v e l  not  s i g n i f i c a n t l y  d i f f e r e n t  from t h a t  a t  z e r o  

t ime d u r i n g  t h i s  p e r i o d .  Whether  the  a l k a l i  used  to s o i u b 11i ze  

t i  yp tophan  comp rom i •. ■ t he  , e spous e  i s  unknown. The r e s p o n s e s  of  

h - p a l i c  3-HAAO to in v i vo  t r y p t o p h an  an a l k a l i  tin a t men t a r e  

t abu  1 a I"d in f a b l e  3.



TABLE 3: THE RLSI’ONSF- OF ll'TMTTC 3-11 VO TO IN VTVO

TRYPTOPHAN I REA I". Nl

Hopei  i c 3 ■ HA AO R' '-ponr o t o  1 -T ryptcpl .on :

TIME MEAN ENZYME ACTIVITY SE_M

0 150,56 5 , 895

35 2 2 3 , 3 9 , 1 2 0 , 001

70 218 , 02 11 ,86 0 , 0 5

140 1 4 1 , 5 ' 12 ,29 0 , 6

180 189,42 8 ,722 0 , 0 2

240 1.18,3 6 , 679 0 , 001

360 169 ,5 7 , 09 6 0 , 2

C on t r o l  ( A11:o 1 i pH 10 in So l i n o  S o l u t i o n ) : -

TIME MEAN ENZYME ACTIVITY SEM Pf

0 150 , 56 5 , 895

35 236 , 54 5 , 413 0,001

70 223 ,9 11 ,65 0 ,001

140 184 , 7 5 ,513 0 , 0 5

180 151,9 6 , 7 67 0 , 9

240 142,9 6 , 6 7 0 , 5

360 171 ,6 6 ,878 0 , 1
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Tlx- I 'onol t.ii /) , util i wi th  cm 1 i t o l  1 j < til in-nt ,  r e spond  o

to  bo th  1 rypit .  phun end a l k a l i .  The di  M < ■ - nee L' I w • n t he  U/o 

responr .es  a t  360 mi nut  os  i s  however  s i gn  i fi cun t  - t h i s  imp] io:.  a 

r e s p o n s e  to  t  ryptoplic:n p " r sm I lie mo ' t e d  '.•] evuI i on o f  a l k a l i  

t r e a t e d  k idney  3-HAAO a t  35 minute  s i s  no t  w i t h i n  the  s t a t i s t i c a l l y  

a c c e p t a b l e  runye of  s i y n i f i c a u c .  . The o bv i o u s  t e c h n i q u e  to use  in 

o r d e r  t o  d e t e r m in e  t he  i mpor t ance  of  t h i s  i n c r e a s e  would be to 

u t i l i z e  a l a r g e r  number o f  exp. r i met to 1 animal  s .  Rots  o f  1 he same 

age,  sex and s t r a i n  were not  a v a i l a b l e  a t  t he  t ime.  The l a r g e  

s t a n d a r d  e r r o r  o f  t he  mean does however  p o i n t  more t o  e x p e r i m e n t a l  

e r r o r  t han  a s p e c i f i c  r e n a l  3-HAAO r e s p o n s e  35 mi nu t e s  a f t e r  a l k a l i  

i n j e c t i o n .  Tab le  4 shows t he  r e sponse  o f  the  r e n a l  enzyme to  

i n v iv o  t r y p t o p h a n  and a l k a l i  s t i m u l a  i o , .

4.  THE INTFRACTION RHt ' t  Tb M F i e l d '  PAH A’"'  3-HAAO: -

F i g u r e s  1 0 ( a ) and ( b )  show the  e f f e c t s  o f  d i e t a r y  

DAB or h e p a t i c ,  r e n a l  3-HAAO and on body we igh t  o t t e r  f e e d i n g  of

t h i s  c a r c i n o g e n  f o r  up t o  15 weeks.  The a n i ma l s  on a DAB

s u b s t i t u t e d  d i e t  m c ' n t a i n e d  a lower  body we i gh t  than  t he  c o n t r o l .

DAB i n f l u e n c e d  both l i v e r  and k idney  3-HAAO l e v e l s  a t  4 , 5  weeks;  

a l s o  c t  7 , 5  and 15 weeks r e s p e c t i v e l y .  The increase i n  l i v e r  

3-HAAO a t  7 , 5  weeks in DAB t r e a t e d  a n i ma l s  i s  an i n c r e a s e d  which 

i s  s i g n i f i c a n t  on ly  in terms of  t he  marked d e c r e a s e  t n enzyme 

a c t i v i t y  in t he  c o n t r o l  g roup .  These r e s u l t s  cannot  be igno ;cd as 

t he  only  ob v i ou s  d i f f e r e n c e  between t h e s e  g r oups  of  r a t s  i s  t h a t  

one group  was exposed  t o  DAB. I t  i s  o n l y  in mac re scopi  c a 11y 

abnormal  u r e a s  o f  l i v e r  t h a t  th ■ enzyme a c t i v i t y  i s  d e c i e a s e d  -

10(b)  and ( c ) .  St oi uye o f  p u r i f i e d  DAD l i e n  ted  on ,-ymo ( F i g .  11 )

does tut appear to offer any great advantage ovej the control - in

fact renal 3-IIAAO after in vivo DAB I • ntn, ml appear:- to be a 1 ' I tie 

less stable than t tie runliul. I lie enzyme s.lored was from animals 

which had been fed >n DAB for 4,5 week.;;.
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TABU 4: p i r  C T a y K f  OF Kt W' _ _ 3 ^ * A Q P J N V I V 2

T R YF ' T OP ' r lA r i  I R r  AT Ml i NT

Henntic 3 - t ! \ : \ 0 f ^ E l ' l L l ■ to L-Tivpiophan: -

TIME (Minutes) MEAN 8NZYHr_ACTIVITY SEM P£

0 107 ,44 3 , 666

35 9 8 , 4 2 4 , 5 2 2 0 , 3

70 115,3 3 ,153 0 , 2

140 108 ,07 6 , 1 6 0 , 9

180 115,3 7 , ( 9 1 0 , 5

12' :,  6 6 , 0 8 7 0,1
240

0 ,0 0 1
360 139 ,4 3 ,465

Com rol  (Alt  C: 1 J j i j  i on

TIME (Minutes) MEAN ENZYME ACTfVITY SEM ££

0 107 , 44  3 ,666

35 1 ^ , 3

70 116 ,3

140 114 ,8

180 103 ' 3

16 ,69  0 , 2

4 , 9 6  0 , 3

6 , 29 6  0 , 3

4 , 0 2 4  0 , 3

!40 1 0 1 , 3  9 . 5 5  ° ’6
i no o

N

S i g n i f i r . m t  d i f r - v r n c o  t . i - c c n  360 l , lnvt«6 a l k a l i  and tryptophan

r. 0 , 0 2
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'  T| | r  LFfTClS OF PURI! TCATTf'.N f)M I 7VCR A!!!) KIFNf.Y ■):-

Rcnnrks  on i ho Toclini fj'i^ Fnn I oy  ":i: -

Both l i v e r  and k i dney  show v a r i a b l e  p u r i f i c a t i o n  and y i e l d .

The s t a b i l i t y  on Svphadcx g e l  f i l t r a t i o n  i s  e s p e c i a l l y  v a r i a b l e ,  

more a c t i v i t y  t e n d i n g  t o  be l o s t  wi t h  r e p e a t e d  u s e .  Acetone 

p roved  a q u i c k e r ,  more d i f f i c u l t  p i o c c u u r a  i d e a l  f o r  bulk

p r e p a r a t i o n  where t h e  i n c r e a s e d  l o s s  o f  enzyme a c t i v i t y  -ls

a d e q u a t e l y  compensa ted  f o r  by t he  removal o f  c o n t a m i n a t i n g  

p r o t e i n s .

There  i s  no d i r e c t  c o r r e l a t i o n  between p e r  c e n t  y i e l d  and 

p u r i f i c a t i o n  -  in a s c r i e s  o f  l i v e r  p u r i f i c a t i o n s  s t a g e  1 - 4  

( p . I n  S t age  ? was a c e t o n e  f r a c t i o n a t i o n )  p e r  c e n t  y i e l d  v a r i e s  

between I l f '  ( p u r i f i c a t i o n  45x) and 48”u ( p u r i f i c a t i o n  2 3 x ) .  In 

t h i s  s e r i e s  t he  maximum p u r i f i c a t i o n  a c h i e v e d  by t h i s  t e c h n i q u e  

i s  84x ( p e r  c e n t  y i e l d  3 1 ) .  When ammonium s u l p h a t e  i s  used  in  

S t age  2,  t h e  r e s u l t s  a r e  s i m i l a r l y  v a r i a b l e .  In  one c as e  of  

k idney  3-HAAO p u r i f i c a t i o n  (method on p. 16 ) a p e r  c e n t  y i e l d  o f  

104/1! a s s o c i a t e d  wi t h  a 40x p u r i f i c a t i o n  was found.  F u r t h e r m o r e ,  

i t  i s  found t h a t  a good p e r  c e n t  y i e l d  and high f o l d  p u r i f i c a t i o n  

a c h i e v e d  w i t h  t he  l i v e r s  o f  a g m u p  of  r a t  s does no t  p r e - s u p p o s e  

a s i m i l a r l y  good r< ■ H  on p u r i f i c a t i o n  o f  t h e i r  k i d n e y s .

Tab le  5 shows the  e f f e c t s  o f  d i f f e r e n t  d o s es  o f  c o r t i s o l  

on t he  p u r i f i c a t i o n  of  l i v e r  and k idney  3--HA AO. In 1 a c t ,  p r e -  

t r e a t m e n t  wi t h  c o r t i ' o i  p r o b a b l y  hod : i 11 1 e e f f e c t  on t he  

s t a b i l i t y  o f  t h i s  enzyme.  I t  d i d ,  however ,  a pp ea r  t o  s e n s i t i z e  

h e p a t i c  3-HAA0 (3 m g  c o r t i s o l  /  100 gm body w e i g h t )  and r e n a l  

3-HAA0 ( 4 , 3  gm c o r t i s o l  /  100 gm body w e i g h t )  to a c t i v a t i o n  by 

ammonium s u l p h a t e  a t  70','' s a t u r a t i o n .  f a b l e  5 a l s o  shows t h e  

p e r  cen t  y i e l d  and p u r i f i c a t i o n  a c h i e v ' d .
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F i g u i w ,  12 and 13 show a r t  I v i t y  p io f l l e . : ,  obt  r. ii .ad froi.. j  ] 

f i l t r a t i o n  or  l i v e r  and k idney  on/yinos pot. I. c o r t i s o l  t r e a t m e n t  

( d o s e s  4 , 3  and 3  mg /  1 0 0  ym body w e i g h t )  Lonpoved to t h e i r  

r e s p e c t i v e  c o n t r o l s .  P r o t e i n  peaks  a r e  dui - ' ons t ra t ed  u) 1 ar_ows 

on t h e  c o r r e s p o n d i n g  a c t i v i t y  e l u t i o n  p r o f i l e .  In  t he  ca s e  o f  

c o n t r o l  k idney  and 4 , 3  mg c o r t i s o l  /  100 am body we igh t  l i v e r ,  

p r o t e i n  p r o f i l e s  f a i l e d  to  peak and p r e s e n t e d  i n s t e a d  as 

s t e a d i l y  d e c r e a s i n g  p r o t e i n  c o n c e n t r a t i o n s .  L i v e r  ( 4 , 3  mg /

100 ym body w e i g h t )  and k idney  (3 mg /  100 gm body we ig h t )  

d i f f e r  from t he  o t h e r  a c t i v i t y  p r o f i l e s  in  hav ing  double  peaks .

DAB has  l i t t l e  e f f e c t  on t he  p u r i f i c a t i o n  o f  3-HAA0.

Renal  3-HAA0 does  a p p e a r  l e s s  s t a b l e  a f t e r  7 , 5  weeks on a d i e t  

c o n t a i n i n g  DAB -  t h i s  co u l d  however  be s a t i s f a c t c r " l y  e x p l a i n e d  

on t h e  v a r i a b i l i t y  i n h e r e n t  in t h e  p u r i f i c a t i o n  p r o c e d u r e .

Renal  3-HAA0 a c t i v i t y  and p r o t e i n  p r o f i l e s  a r e  s i m i l a r  i n  c o n t r o l  

r a t s  and t h o s e  who have been s u b j e c t e d  t o  4 , 5  weeks o f  DAB in 

t h e i r  d i e t .  ( F i g .  14) .  F ig u r e  15 shews an a c t i v i t y  peak in 

t h e  l i v e r  o f  r a t s  which r e c e i v e d  4 , 5  weeks o f  d i e t a r y  DAB.

There  i s  no c o r r e s p o n d i n g  p r o t e i n  p e a k .
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F i g u r e  14.

50

Elution of kidney 3-hyd'Oxyantliranik an d  oxygencne I vyilrul and 4 ' ; weeks DAP. tretied) 
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on p r o t e i n  con d en t .
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On G  100 sepliodex ( 3 2 '6 0 i in ) ixdjn'n

Key
A control
A DAB iirv ei'P protein profile

0  control
•  DAB treated  activity profile

1 volume eluted

75t

r 2 0

-10

2419ml 244 3ml 2559ml 2547m l

I

Tt'bi: s c o n t a i n  iny p i o t a i n  wi thou t  pn/yi,K- a c t i v i t y  no t  d e p i c t e d



( C) RESULTS OF ‘"TO.RA'T OF 3-HAAP; -

( a )  Tciiipercitt i n - : -

F i g u r e  16 shows t h e  e f f e c t s  o f  3-HAAO s t o r a g e  in 

l i v e r  one! k i dney  homonenates  a t  4°C and 37°C f o r  a p e r i o d  of  3 

h o u r s .  Both cnzyires p roved  more s t a b l e  a t  4°C t.  an a t  37°C.

T h e o r e t i c a l J y  enzymes a r e  more s t a b l e  a t  l ower  t e m p e r a t u r e s .

When s t o r a g e  f o r  a number o f  days  was r e q u i r e d  i t  was d e c i d e d  t o  

s t o r e  t he  enzyme a t  - 2 0  C. The e f f e c t s  o f  f r e e z i n g  and thawing 

on enzyme a c t i v i t y  were no t  s t u d i e d ,  i t  was,  however ,  n o t e d  t h a t  

enzyme l e f t  f o r  o v e r  a w c k  a t  4°C l e s t  a l l  i t s  a c t i v i t y .

(b )  Ch o i ce  o f  S t o r a g e  Media : -

F i g u r e  17 shows t he  s t a b i l i t y  o f  f r e e z e  d r i e d  

p u r i f i e d  l i v e r  enzyme on s t o r a g e  c t  -2 0 °C . F r a c t i o n s  o f  t h i s  

enzyme were d i o l y s e d  p r i o r  to  f r e e . e - d r y i n g  a g a i n s t  e i t h e r  0 , 3 -M 

o r  0 , 5-M ammonium ace i o t a  b u f f e r .  I t  became a p p a r e n t  t h a t  when 

f r e e z e  d r y i n g  a t  0 , 15-M m o l a r i t y , d i a l y s i s  becomes e s s e n t i a l  f o r  

enzyme s t a b i l i t y .  The d i a l y s i s  s t e p  can be e l i m i n a t e d  by 

u s i n g  a 0,3-M s o l u t i o n  b u f f e r  t h i a u g h o u t . S t o r a g e  o f  t h i s  

enoyme i n  a s o l u b l e  form in 0 , 1 5  and 0,3-M b u f f e r ,  a l s o  

s u p p l e m e n t a t i o n  of  t he  0,3-M s o l u t i o n  by e i t h e r  20.% o f  1 : 1 

v /v  o r  4 : 1 v /v  g l y c e r o l  s o l u t i o n s  i s  seen on F i g .  18.  Except  

f o r  s t o r a g e  in  1 : 1  v / v  g l y c e r o l ,  a l l  the s t o r a g e  p r o c e d u r e s  a t  

- 2 0  C were a s s o c i a t e d  wi t h  an app r o x i ma te  2 / 3  l o s s  o f  a c t i v i t y  

o v e r  t he  6 8  days  l e s : od.

A 1 : 1 v /v  g l y c o i o l  s o l u t i o n ,  a l t h o u g h  hav i ng  a 

s t a b i l i z i n g  e f f e c t  on t he enzyme, i s  a v i s c i d  n i ' x t u i e  which may 

have u n d e s c r i b e d  k i n e t i c  e f f e c t s  on the  enzyme.



Stability of 3'"hydroxyanlhranilic acid ox y g en a te  in liver and kidney homogenate  

at 4°C  and 37 C
Key

150 T
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100-

50-

>
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0 2

A kidney 
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o  |;v e r

*  kidney.
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temperature 37 C 
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Stability of freeze Jr

Liver 3hydro> ̂ anthrnmlic ocid 
150t

2 0

54

FifjUre 1 7 .

loii liver 3 u*y. -vi-ranilir ucid oxygenase on storage

Key
oxyyen.ise laken up ,n A f) I'v/.yrmionium acetate ] [jn, |0 |r(,e /c

# 03^* xnmomum acutnte j
A  0 1 S M  o m m  x n u m  a c e t a t e  1 , , , , ., pnor to dialysis and tree /c  drying 
O03M  ammonium acetate j

Enzyme dissolved m sfoiage b u f f e r  (p H 6 5  ) lust prior to testing

<0 6 0  8 0

Time (days)
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( c )  S 1 ciHi ■ s^JV' r i n g  Pi 1 1 • J j  c a t i o n  (it vihicl i t Ik- Fn/ynia

may !>' S t o j . -~j: -

S t o r a g e  of  t he  p u r i f i e d  enzyme i s  o b l i g a t o r y ,  

s t o r a g e  a t  c e r t a i n  i n t e r m e d i a t e  s t a g e s  i s  c o n v e n i e n t . F i g u r e  

19 shows t he  s t a b i l i t y  of  t he  p u r i f i e d  l i v e r  and k idney  enzyme 

a t  -20°C  compared wi th  t h e s e  enzymes a t  the homogenate s t a g e .

The k i dney  hornogenate i s  ve ry  u n s t a b l e  on s t o r a g e  a t  - 2 0  C; a 

p r e f e r a b l e  s t a g e  of  s t o r a g e  p r oved  to  be as  t h e  60% p r e c i p i t a t e  

a f t e r  ammonium s u l p h a t e  f r a c t i o n a t i o n . F i g u r e  20 shows t he  

i n c r e a s e d  s t a b i l i t y  of  r e n a l  3-HAA0 a t  t h i s  s t a g e  compared to  t he  

hornogenate (and the  p u r i f i e d  enzyme) .  Al though i t  i s  p o s s i b l e  

t o  h a l t  p u r i f i c a t i o n  a t  Stage  2 (60"£ ( NHj ^b O^ )  i t  would s t i l l  

be more c o n v e n i e n t  i n  t e rms  o f  t he  d u r a t i o n  o f  t he  e x p e r i m e n t ,  

i f  t h e  r e n a l  enzyme co u l d  be s t o r e d  a t  t he  hornogenate s t a g e .  An 

a t t e m p t  was t h u s  made t o  s t a b i l i z e  t he  enzyme a t  t h e  hornogenate 

s t a g e  by t he  a d d i t i o n  of  v a r i o u s  a d d i t i v e s .  A d d i t i v e s  which 

we*"e added 1 n v i t r e : Tr yp tophan  and a l k a l i  i n c u b a t e d  w i t h  t h e

l i v e r  and k i dney  (hornogenate)  enzymes a t  4 C and 37 C f o r  3 hour s  

gave t h e  f o l l o w i n g  r e s u l t s  - b o t h  enzymes were e q u a l l y  u n s t a b l e  

in  e i t h e r  a d d i t i v e  a t  37°C and n e i t h e r  a ppea red  to  c o n f e .  any 

s t a b i l i t y  on t he  enzymes a t  4°C . In v i t r o  c o r t i s o l  i n c u b a t e d  

w i t h  t h e s e  enzymes a t  4°C and 37 C f o r  6  hours  s u g g e s t e d  on 

i n c r e a s e d  r e n a l  s t a b i l i t y .  An a t t e m p t  to c on f i r m t h i s  by s t o r i n g  

t h e  enzymes wi t h  in  v i t r o c o r t i s o l  f o r  27 days a t  -20°C  f o i l e d .

No i n v i t r o  a d d i t i v e  was t hu s  found to  s t a b i l i z e  e i t h e r  enzyme 

a I t h e  hornogenate s t a g e .

F i g u r e  21 shows the e f f e c t s  o f  in v ivo c o r t i s o l  on s t o r a g e  

o f  t h e  r e n a l  enzyme at the  hornogenate s t a g e .  There  i s  a 

d r a m a t i c a l l y  enhanced s t a b i l i t y  o f  the  enzyme os e a r l y  as  35 

mi nu te s  a f t e r  i n j e c t i o n .  Al l  the  a n i ma l s  k i l l e d  pos t c o r t i s o l  

( f rom 35 -  360 mi nu te s )  show t h i s  i n c r e a s e d  r e n a l  3 - HAAO 

s t a b i l i t y  a t  t he  hornogenate s t a g e .  L i v e r  3-IIAA0 f a i l s  t o  show 

any change in s t a b i l i t y  over  t h e  ru-riod t e s t e d .
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Figur>- 2 0 .

Stob.ify of f.dnev 3 -l.y d -v ,, <,< .d n.y,:,.-' >" VoyM ^u,lk'1,lon on ^ 20'C
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6 0

t h e  A v r r v o r  moi n r 1. ' ! r  v,t i g h t  (»r 3 - h a  a h  i ; - h r a t  i i t t i i A N o  '! g e y .

( a ) AS E_S 12 HATM) GN GEE T 11 T RAT I  ON: -

F i g u r e  22 siiows the l i v e r  a c t i v i t y  arid F ’ g u r e 2 J  shaw u t  h c 

k idney  a c t i v i t y  and p r o t e r n  e l u t i o n  p r o f i l e s  obt  ei .n*il b; I I ! 1 r a t i o n  

o f  p u r i  f i od  GO r a t  enryme thioi igh G-z S Sephadex in a 1 ,6  Ciii x 60 cm 

non—a d j u s t a b l e  column.  Rut l i v e r  enzyme has  two p r o t e i n  end two 

en.ryme peak s,  on ly  one of  t h e s e  p r o t e i n - a c t i v i t y  peaks  c o i n c i d e s .

The second enzyme peak i s  a s s o c i a t e d  wi t h  a minimal r i s e  in 

d e t e c t a b l e  enzyme a c t i v i t y  and i s  no t  c o n s i s t e n t l y  r e p r o d u c o b l e .  

Owing t o  i t s  d o u b t f u l  s i g n i f i c a n c e  i t  has no t  been c o n s i d e r e d  in 

t h e  i n t e r p r e t a t i o n  of the  r e s u l t  s .  The m o l e c u l a r  we i gh t  of  trie 

enzyme i s  d e t e r m i n e d  by p l o l i  i ng the  log  of  t he  MW o f  t he  s t a n d a r d s  

a g a i n s t  the  e l u t i o n  volume ( Ve) ( F i g .  2 4 ) . Table  6  shows t he  

e l u t i o n  volumes and the  known and e s t i m a t e d  mo l e cu ! o r  w e ig h t s  of 

p r o t e i n s  used  in  t h i s  e x p e r i m e n t .  The m o l e c u l a r  w e i g h t s  o f  l i v e r  

and k i dney  3-HAA0 a r e  c a l c u l a t e d  in t e rms  o f  both p r o t e i n  and enzyme 

peaks  -  t h e s e  peaks  c o i n c i d e  a t  4 0 000  in t he  cas e  o f  h e p a t i c  3-HAAL 

and 33 500 in the  cas e  of r e n a l  3-HAA0. Both enzymes have a

s i m i l a r  p r o t e i n  pea'-., 30 500 in t he  case  of  l i v e r  and 31 500 in  

t he  ca s e  o f  k idney  enzyme.

(B )  AS ESTIMATED O'! POI Y AC KYI A MI D E GEE FIT GTROPir RESTS:-

M o b i l i t y  i s  c a l c u l a t e d  us f o l l ows

d i r t  am.e r I prot< in :: t e r a !  1 d 1 ena i h !x> f o - e  r. i a i n i ng
MOBILITY 1 i-iK) t i i u f i e i  d - - I 11: ii l n 11 ill.  l a n c e  u I dye m i g r a t e d

(Weber and O .bo i n ,  1969).
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i i l J U J P  ? { } .

Rar ktdney ( L I  ; e ’ution .,i; G  ' 5  i 7 ' 6 0 t m  i non adiustoble  to 'u r rn

Key

enyym e ottt^-'y p r o f 'p  #  

p ro t r m  profile 0
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50 75706 0
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F i g u r e  i c p r o r - n  t s on ly  llior-e p r<> t e i n c o n c e n t r a t i o n s  whicli ui c 
a s s o c i a t e d  wi th  cnzyme a c t i v i t y
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TARLE 6 : M O L F O T A R  WEir .MT D L i r : I r> ON A NON-

ADJUS1AI-LF 0 -7 5  SFPHADEX (PUTIN ( 1 , 6  c h  x  60 c r , ) .

M.W. VOLUME FLUTED

Serum Albumin 6 8  0 0 0 5 1 ,2 5

Ovalbumin 43 0 0 0 6 1 ,8 2

T r y p s i n  I n h i b i t o r 21 500 7 6 ,4 2

Tr yptophan 17 400 8 2 ,0 5 5

L i v e r  (GO) 40 000 6 3 , 3 P r o t e i n  + enzyme

34 000 6 9 , 5 Enzyme Peak"

30 500 6 9 , 5 P r o t e i n  Peak

Kidney (LE) 33 500 6 6 ,6 9 P r o t e i n  t. Enzyme

31 500 6 3 , 4 P r o t e i n  Peak

■"■Probably no t  s i gn !  [ l e a n t

F i g u r e  25 shows m o b i l i t y  p l o t t e d  a g a i n s t  t h e  l o g  of  

m o l e c u l a r  w e i g h t .  Both l i v e r  ond k i dn ey  gave a number o f  bands 

on p o l y a c i y l a m i d e  g e l  - o f  t h e s e  t he  major  band o f  l i v e r  was a t  

31 000 m o l e c u l a r  we igh t  f r agmen t ,  k i dn ey  hod 4 ' m a j o r '  bands 

m o l e c u l a r  w e i g h t s  r a ng i n g  between 10 500 and -14 000 . Tab le  7 

shows the  number o f  bands ,  the  m o b i l i t i e s  and t h e  m o l e c u l a r  

w e i g h t s  (known and e s t i m a t e d )  on p o l y a c r y l a m i d e  «1 . P r o l onged  

i n c u b a t i o n  in  SDS r e s u l t s  in  an i n c r e a s e d  number o f  bonds in 

b o t h  s t a n d e e d  p i o t e i n  and 3—HAA0  s o l u t i o n s .  The problem wi th  

d e n a t u r i n g  p o l y a c r y l a m i d e  ge l  e l e c t r o p h o r e s i s  i s  t h a t  t h e r e  i s  

no i n d i c a t i o n  i f  t he  band s t a i n e d  has  a c t i v i t y  o r  n o t .

An a t t e m p t  was made to c o r r e l a t e  p r o t e i n  bands wi th  

a c t i v i t y  by runn i ng  the  enzyme a t  4°C as d e s c r i b e d  on pages  20 

and 2 1 .



F i n u r e  25.

M o l e c u l a r  w e i g h t  clr-terrr mui ion of 3* h y o r o x y a n t l u a n l i c  a^ i d  o x y g e n a s ®  by  

d o d e c y l s u l p h a t e  p o ' y a c r y i a m i d o  ge l  e l e d ' o i j h o r e s i s

Ke y ,,
#  serum  alo' mm

O c y t o d i r o m e  c 
t  ovalbijminloctii cleliydroqenase 
A  kirlni's 3 fi , , iiuxyonii 'ronilic acid o xyg ena se  
A liver 3 liy Jioxyantlnanilic ac id oxy g en a se
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In n o n - d e n a t u r i n g  r ; l e c t r o ; ) h o r e s i s , uol.h ch a r ge  and pore  

p o r e  s i z e  p l a y  a r o l e  ( Hendr i ck  and Smith 1 9 6 9 ). No a t t e m p t  wo 

t h u s  made to e s t i m a t e  the  m o l e c u l a r  w e i gh t .  P r o t e i n  and 

a c t i v i t y  s t a i n i n g  on complementary  g e l s  e i t h e r  o v e r l a p p e d  o r  

c o i n c i d e d .  The r e n a l  a c t i v i t y  band a p pe a r s  o move s l i g h t l y  

ahead  o f  t h e  l i v e r  3-HAAO band.

In summary, i t  a p p e a r s  t h a t  t h e  m o l e c u l a r  we ig h t  of  

enzyme from l i v e r  may be a l i t t l e  h i g h e r  than  t h a t  o b t a i n e d  from 

k i d n e y .  To e- .count  f o r  t he  number o f  bands on e l e c t r o p h o r e s i s  

and t he  p r o t e i n  and a c t i v i t y  peaks  on g e l  f i l t r a t i o n ,  one may 

c o n s i d e r  m u l t i p l e  forms of  t he  enzyme ( o n l y  some o f  which a r e  

a c t i v e )  o r  s u b - u n i t s  may be p r e s e n t .  Be f o re  any d e f i n i t i v e  

compar i son  between t he  m o l e c u l a r  w e i g h t s  ' f  t h e s e  two enzymes 

can be made, one shou l d  d e t e r m in e  t h a t  t he  forms of  t h e  enzyme 

s t u d i e d  a r e  compar ab l e .

TH b ’N1 TERM IN A!. AM T NO-AC l b  Of THf FN7YME

Both l i v e r  and k i dney  enzymes r e v e a l e d  3 s p o t s  under 

UV l i g h t  -  t h e s e  were i d e n t i f i e d  as  o - t y r o s i n e ,  c - l y s i n e  and an 

a r t i f a c t  dan sy fami n e .  F a i l u r e  to  d e t e c t  on 'N* t e r m i n a l  amino

a c i d  cou l d  e i t h e r  be due to  masking o f  t h a t  amino group o r  t o  

d e s t r u c t i o n  of  t h e  amino a c i d  d u r i n g  d a n s y l a t 1 on and h y d r o l y s i s  

( S e i l e r  1 9 7 0 ).

THF CATALYTIC SITE: - 

( a) pH Optimum: -

F i g u r e  26 shows t he  a c t i v i t y  o f  l i v e r  and k idney  3-HAAO 

( p u r i f i e d  GO s t r a i n )  a t  pH’ s v a r y i n g  between 5 , 5  and H,5.  The 

o v e r a l l  p a t t e r n  d i s p l a y e d  by 11; two enzymes i s  s i m i l a r  -  the  

pr 0 f o c t i v i t y  be ing  a t  pH 7 , 9 .  The t e m p e r a t u r e  was 

m a i n t a i n e d  at. 31 , 5  C.
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( t i )  T c n t p r T o t u r c  0 ; r l  j  : n u n i :  -

F i g u r e  27 shows the  a c t i v i t y  o f  p u r i f i e d  J i v e r  and 

k i d ne y  3-HAAO (GG s t r a i n )  ove r  a t e m p e r a t u r e  r ange  from 31^C to 

43°C . The a c t i v i t y  o f  both  enzymes i n c r e a s e s  o v e r  t he  p e r i o d  

t e s t e d ;

(C) M i c h a e l i s  Cc-ns ' a n t :■

Thi s  i s  d e t e r m i n e d  a t  a pH o f  7 , 6  and a t  a t e m p e r a t u r e  of  

29 t  0 ,5 °C . The Km o b t a i n e d  f o r  l i v e r  3-HAAO i s  1 ,82  x 10 *\

I n v ivo  c o r t i s o l  o r  7 , 5  weeks of  DAB in  t he  d i e t  d i d  not  a l t e r  

t h i s  r e s u l t  ( F i g .  2 8 ) .  F i g u r e  23 a l s o  show, t h e  more v a r i a b l e  

r e s u l t s  o b t a i n e d  f o r  k i dney  on t e s t i n g  t h e  Kin o f  3-HAAO unde r  

s i m i l a r  c o n d i t i o n s .

THE ANTIGFN1C SITE: -

The c o n t r o l s  - i . e .  serum t a ken  from both  r a b b i t s  p r i o r  

t o  i n j e c t i o n  and serum t a ken  from t he  c o n t r o l  r a b b i t  a t  i n t e r v a l s  

e q u i v a l e n t  t o  t he  a n t i b o d y  p r oduc i ng  animal  -  a l l  f a i l e d  t o  r e a c t  

on c .posurc  to  t he  a n t i g e n .  This i s  t r u e  f o r  bo t h  t he  g e l  

d i f f u s i o n  and t i t r a t i o n  t e c h n i q u e s .

(A) Gel  P i f f u s i o n

The a n t i b o d y  r e a c t e d  wi t h  l i v e r  and k idney  a n t i g e n  o f  

bo th  s p e c i e s  as  shown d i a g r o m a t i r a J l y  in f i g u r e  29.  The 

enzyme i s o l a t e d  from DAB and cei  i i s o i  t r e a t e d  was s t i l l  c ap a b l e  

o f  t h i s  i n t e r a c t i o n .  In a l l  c a s e s  a s i n g l e  p r e c i p i t a t i o n  l i n e  

w i t h  no s pur  f o rma t i on  was produced -  f i g u r e  30 d e m o n s t r a t e s  

t h e  p r e c i p i t a t i o n  l i n e  be tween the GG l i v e r  a n t i b o d y  and SD 

k i dney  a n t i g e n .
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F j c u n  ■ 3^.

P r e c i j ' i  t vl. iun c f  t he  an I i gen-di i  t ibuciy coinplax bniw.-on the*

an t  - body c e n t r a l  we' ll  s and the' a n t i g e n  ( i n  t h e  l ower  two w a l l s )

can be seen.

■v 'iS jW



7 A

The ob;.f-nce o f  p r o c i o i  l o t i o n  l i n o s  does  n o t  e xc lu d e  the  

p r e s e n c e  o f  a complement  o ’, y a n t i - j e n i c  bi r .diny s i t e ,  t he  p r e s e n c e  

o f  a p r e c r  p i  t  o t  i on . l ine i s  synonyniou s \t i  t h the  p r e s e n c e  of 

complementary  e n t i g e n  one! a n t i b o d y  b i n d i n g  s i t e s  on t h e  p r o t e i n s  

t e s t e d .

(B) An t i  body __Atrt i gcn T i ro t  i on : -

The r e s u l t s  ob to i r i ed  in attc-mpt i ng  to  e l u c i d a t e  the mode 

of  a c t i o n  whereby c o r t i s o l  e l e v a t e s  t he  l e v e l  o f  3-HAAO were 

d i s a p p o i n t i n g .  No i n f o r m a t i o n  was o b t a i n e d  which p o i n t e d  to  

i n d u c t i o n  o f  the  enzyme and s c a n t  i n f o r m a t i o n  f o r  a c t i v a t i o n  

was p r e s e n t .

The o n l y  p o s i t i v e  r e s u l t s  ob to i r i ed  in t h i s  e xp e r i men t  

were to  con f i rm the  r e s u l t s  o b t a i n e d  on g e l  d i f f u s i o n  - i . e .  

t h a t  t he  a n t i b o d y  -  a n t i g e n  r e a c t i o n  between l i v e r  s t i m u l a t e d  

a n t i b o d y  ond l i v e r  and k idney  a n t i g e n  does  o c c u r .

A DAfl -  3-HAAQ CONPt F.X: -

A s u l p h u r  c o n t a i n i n g  amino a c i d  i s  i m p l i c a t e d  i n  t he  

b i n d i n g  o f  t he  azo dye -  both methi  onuno and c y s t e i n e  have been 

i m p l i c a t e d  ( K e t t e r e r  and C h r i s t o d o u l i d e s  1968) .  Savage (1973)  

showed SH g r oups  p r e s e n t  in 3-HAAO of  baboon l i v e r .  An a t t e m p t  

was made to  d e mo n s t r a t e  t he  p r e s e n c e  o f  a DAB -  3-HAAO complex 

i n  t he  p u r i f i e d  enzyme p r e p a r a t  i o n s  ( p . 26) .

A d d i t i o n  of  formic  a c i d  d i r e c t l y  t o  the p u r i f i e d  enzyme 

o f  both  l i v e r  and k idney  of  DAK fed ( 4 , 5  and 7 , 5  weeks)  a n i ma l s  

f a i l e d  t o  p roduce  any pin!,  c o l o u r a t i o n  o f  the  s o l u t i o n .

T r i c h l o r a c e t i c  a c i d  when adued to  DAB t r e a t e d  enzyme in  

p o l y a c r y l a m i d e  gel  a l s o  produced  no e v i d e n c e  o f  DAB be ing  

p i t  sent  in t he  p u r i t ' e d  on.-) me s o l u t i o n .
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(A) Hit. !'! V'CLrp; ; 'M fif 3 - 1 ' . ' TN RA'I ! P T P  AND

KJDNrY

The duvelopmvni  o f  r a t  3 -II/.AO i s  i n f .1 uancorj by h , th  n u c l e a r  

and cytoi 'JriLii date  i r un  ant  s.  Cc i t a i n  o f  ihar. e i n f l u e n c e s  a r e  

c l e a r l y  d e l i n e a t e d ,  o t h e r s  a r e  open t o  su r n i r . e .

( a )  The OereMjc A s n - - < i -

1. I h e  s t  r u e t i i : el Q, ne : -

The p r e s e n c e  o f  an a c t i v e  s t r u c t u r a l  gene i s  

synonymous w i t h  t he  p r e s e n c e  o f  i t '  p r o d u c t .  3-11 ‘0 i s  known to 

have s t r u c t u r a l  genes  in  l i v e r  and k i d n e y .  Those a r e  a c t i v e  by 

7 days  a f t e r  b i r t h  and remain so i n t o  a d u l t  l i f e .

2.  Archl  t ' ■ c I tii_:1 Genets ; -

The enzyme i s  found in  the  c y t op l a s m  o f  both 

o r g a n s . The t e c h n i q u e s  employed can no t  e x c l u d e  i t s  p r e s e n c e  

from o t h e r  s i t e s .  D a l l n c r o t  e_t_ a K  ( l 9 u 6 )  found an a s s o c i a t i o n  

between the  s i t e  o f  an enzyme w i t h i n  a c e l l  and t h e  " o v e r  sh oo t "  

phenomenon u n l i k e l y .  The a i c h i t e c t u r a l  gene i s  p r o b a b l y  not  

r e s p o n s i b l e  f o r  t he  " o v e r  s h o o t "  d e m o n s t r a t e d  in  3-HAA0.

3 .  R e g a l a t o r y  ( ’ '■ ne s : -

Any s i n g l e  a s s a y  o f  enzyme a c t i v i t y  r e f l e c t s  

n o t  on l y  t he  r a t e  o f  enzyme s y n t h e s i s ,  but  a l s o  t h e  r a t e  of  

enzyme c a t a l y s i s  ( C o r r e l l  et  g ] . ( j 9 6 5 ) .  The most  p r o b a b l y  

e x p l a n a t i o n  f o r  t he  ovei  s hoo t  phenomenon o b s e r v ed  in  male l i v e r  

and female kidney i s  on imba lance  w i t h i n  the  r e g u l a t o r y  gene.

Both the  c a t a l y t i c  (Gan sc how and Sch i ml. o (1969)  on d the  

s y n t h e t i c  g'niame (Do;'l> oik) Sc I r i ihe (1969)  havi- been shown to 

be i n d i v i d u a l  ly l e  span si hi* f o r  enzyan** l e v e l s  w i t h i n  the  l i v e r .

Ihe a c t u a l  l o c u s  con t r o l l  ing 3 -1 It AO l e v e l  wi I hi n 1 he 1 i \  i and 

k id n e y  refrain: ,  obscur . - .  The o\ r shoot  phenoi," non may e i t h e r
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bo duo t.u a do] o) i'<! dovoi  opo t o t of  t h i s  l o c u s ,  o r  t | )(, J ocus  may 

choncio w i t h  i nc rco r . j  ny m a l u i i t y .

l l ioro  i s  no a p p a r e n t  a c u t e  r e q u i i e n . m l  f o r  n i c o t i n i c  a c i d  

a t  59 days  in t h e  mole l i v e r  or  a t  A months  in t he  female  k id n ey .  

B e s i d e s ,  Yeung ( 19 c / )  hov 11. ■ .<d t h a t  t he  e x c e s s i  ve i n c r e a s e  in 

t h e  a c t i v i t y  o f  one enzyme i s  not  necesr  a r i J y  c o~or d i no  Led wi th 

on i n c i e u s e  in  f u n c t i o n a l l y  r e l a t e d  enzymes* The e x c e s s i v e  

i n c r e a s e  o f  3-HAAO pr o h nh ly  m a n i f e s t s  a g e n e t i c  r a t h e r  than a 

h o m e o s t a t i c  r e s p o n s e .  Moog ( 1 9 7 1 ) remarked t h a t  enzymes which 

undergo a l u g -  i n c r e a s e  in a c t i v i t y  f r cc j uen t l y  t e m p o r a r i l y  r i s e  

above t h e i r  ad».H l e v e l  b e f o r e  s t o b i l i  z i n g .  The r e l a t i v e l y  

h igh  s p e c i f i c  a c t i v i t y  found in male l i v e r  a t  3d days ,  f o l l owe d  

by t he  e x c e s s i v e  l e v e l  of  me as ur a b l e  3-HAAO a t  59 days ,  co u l d  be 

i n t e r p r e t e d  as  a l a r g e  i n c r e a s e  in  t he  p r o d u c t i v i t y  of  t h i s  

enzyme1s s y n t h e t i c  genes  d u r i n g  t h i s  p e r i o d .

4 .  .Tempore 1 Cm s : -

The l e v e l s  of ••nzyne a c t i v i t y  a r e  p r e d i c t e d  

by the t empo;o l  gene .  S h o r t  t e rm changes  a r e  s upe r i mposed  on 

t h e s e  p r e d i c t a b l e  l e v e l s  v i a  f a c t o r s  which a f f e c t  t he  r a t i o s  

between t he  l o c i  of  t he  r e g u l a t o r y  gene.

The tempora l  development  o f  the  enzyme w i t h i n  male and 

female  k idney  i s  synchr onous .  _ ive ;  i s  ou t  o f  s t e p .  L i v e r  

which i s  exposed  to a h i g h e r  c o n c e n t r a t i o n  of  m o l e c u l e s  i s  more 

prone  t o  s n o r t  1»-,m a d a p t a t i o n  than k i d n e y .

(b ) A Cy<on 1c - Hie A >>, ■ e t ;-

Cytopla smic  f o e I o i s  may I n f l u e n c e  on . \me  e x p r e s s i o n  

a t  e i f u u  1 !w l e ve l  of t ran: ci-jpl  ion oi t r a n s l a t i o n  , llunn inon ( 1971 ) .  

( . a r t ;  sol  i s  known to combine vi i h h. pot ic c y t o p l a s m i c  r e c e p t o r s  

-  t ;oHc, ‘n n f  t ' ^vre < c  r 1 i : ., 1 , ..0  pi o r  complexes  I.eve l a t e r  b-en

l o c a t e d  in  the  n u c l e u s  ( f o i l , , .  and f.-i  I gel , .on 2 ) .



The r o l e  o f  c o r t i s o l  i n  t he  development,  o f  3-1IAA0 i s  

d i s c u s s e d

The P i t u i t r y - A d r e n e 1- L j v o r  A x i s : -

The p i t u . ; t r y  in  t h e  young r u t  does  no t  r e s pond  t o  s t r e s s  

b e f o r e  a t  l e a s t  8 days  a f t e r  b i r t h ;  t he  a d r e n a l  r e s p o n d s  t o  

ACTH a f t e r  about  4 - 6  days ( J a i J e r  1950) .  Adrenal  

c o r t i c o s t e r o i d  c o n c e n t r a t i o n  i n c r e a s e  u n t i l  185 days  and 

t h e r e a f t e r  s t o r e d  s t e r o i d  l e v e l s  r a p i d l y  d e c r e a s e .  J o o s t  (1966)  

c on c l ud e d  t h a t  f o e t a l  l i v e r  has an e a r l y  a b i l i t y  t o  r e spond  t o  

s t e r o i d  hormones .  In t he  n e ona t e  i t  t a k e s  on ly  24 hour s  b e f o r e  

t h e  h e p a t o c y t e  i s  c a p a b l e  o f  t a k i n g  up and b i n d i n g  c o r t i s o l  wi th  

a l mo s t  a d u l t  e f f i c i e n c y .  By 11 days  c o r t i s o l  i s  c o n c e n t r a t e d  in 

r a t  l i v e r  wi t h  a d u l t  d e x t e r i t y .  There i s ,  however ,  a d i f f e r e n c e  

w i t h i n  t he  c y t o s o l .  Between 16 and 39 days  c o r t i s o l  b i n d e r s  I I  

and I I I  d e f i n e d  by Morey and Li twack ( 1969) ,  S i n g e r  and Lit",

(1971)  r e v e r s e  t h e i r  r a t i o s .  By 39 days  the h e p a t o c y t e  b i n d e r s  

a r e  i d e n t i c a l  lo t h o s e  found in t h e  a d u l t  ( S i n g e r  and Li twack 

197 1 ) .  I n d u c i 1 i l i t y  o f  h e p a t i c  t y r o s i n e  amino t r a n s f e r a s e  

p a r a l l e l s  t h e  s h i f t  in c o r t i s o l  b i n d i n g  p a t t e r n .

I t  would t h u s  a pp ea r  t h a t  t he  p i t u i t r y - a d r o n a l  l i v e r  

a x i s  i s  i n t a c t  as  e a r l y  as  18 ,5  days ,  and iha t  by 39 d y s t h e  

a b i l i t y  o f  t he  l i v e r  to b ind  c o r t i s o l  r e a ch e s  m a t u r i t y .  The 

p a t t e r n  o f  development  imposed upon 3-HAAO in both  l i v e r  and 

k id n e y  p r i o r  to 18,5 deyr, c o n t i n u e s  u n i n t e r r u p t e d  u n t i l  w e l l  

p o s t  39 days  of e g o . I t  seems u n l i k e l y  t h a t  ' lie deve lopment  

o f  t h i s  enzyme a w a i t s  the  m a t u r i t y  of  the  pi I u i t a r y - a d r e n a l -  

l i v e r  a x i s .
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F a i l  u ;  ' ' o f  Cor I I ■ ' i _ l  t . o  T n c l u c  c  3-HAAO: -

At 1 5 , 5  weeks 3-HAAO i n  male r a t  l i v e r  r e s i s t s  i n d u c t i o n  

by c o r t i s o l .  Rossi  b iy  t he  c o r t i s o l  i s  be ing  bound by t r a n s c o r t i n  

which has a h i g h e r  a f f i n i t y  for  c o r t i s o l  than t he  h e p a t i c  

dehydroxy sys tem (Sandberg  and S l a u n v h i t e  J 9 6 3 ) .  The h e p a t i c  

dehydroxy s t e r o i d  d e hydr ogenas e  sys tem ( ' ho- ton and J e y e s  1968) 

may a l s o  p l ay  a r o l e  in  t h i s  r e s i s t a n c e  to  c o r t i s o l .  Ha in ing  

and C a r r e l  1 (1969)  found t h a t  t r y p t o p h a n  p y r r o l o s e  re sponded  

b e t t e r  to i n d u c t i o n  between 6 and 12 months ,  than  a t  e i t h e r  1 o r  

24 months .  P o s s i b l y  a s i m i l a r  mechanism u n d e r l i e s  t he  absence  

o f  r e s p o n s e  a t  15 ,5  weeks and t he  s i g n i f i c a n t  r e s p o n s e  a t  8 months  

o f  3-HAAO. Thi s  mechanism may w e l l  i n v o l v e  gene p o t e n t i a l .

Cor t i s o l  as an Exn1 ' . u Oi on  f o r  t he  Sexual  D i f f e r e n c e s  in 3-HA 0 

Dovelopm^nt  in Liv» - : -

Fc r  t h e  f i r s t  20 days  o f  p o s t - n a t a l  l i f e ,  p lasma s t e r o i d  

l e v e l s  i n c j e a s e  s i m u l t a n e o u s l y  in bo t h  sexes  (Decker  e t  a l . 1965) .  

Tran s c a r t i n  i s  of  s i m i l a r  c o n c e n t r a t i o n  u n t i l  30 days ,  t h e r e a f t e r  

t h e  female  l e v e l s  i n c r e a s e  (Ga l a  and Westpha l  1965)* S t e r o i d  

bound t o  t r a n s c o r i i n  i s  b i o l o g i c a l l y  i n a c t i v e  ( S l a u n w h i t e  e t  a 1 . 

1962 ) .  P r i o r  to  26 days c o r t i c o s t e r o i d s  a r e  m e t a b o l i z e d  i n  a 

s i m i l a r  manner by bo th  s exes  -  a f t e r  32 days  mol'  s produce  

m e t a b o l i t e s  B and D ( S i n g e r  and Li twack 1971) .  In summary, t he  

s e x u a l  d i s c r e p a n c i e s  of  s t e r o i d  p lasma b i n d i n g  o f  s t e r o i d  

c o n c e n t r a t i o n  and of  h e p a t i c  s t e i o i r J  me tabo l i sm o c c u r  a f t e r  20 

days  and a r e  e s t a b l i s h ' d  by 32 days o f  age .  The s ex u a l  

d i f t j r e n c e  i n  h e p a t i c  3-HAAO development  p r e c e d e s  t he  s e x ua l  

d i s c r i m i n a t i o n  of  e o i t i s o l  me ta bo l i sm.

C o r t i s o l  oomph Lely f a i l s  t o  account  fo r  t h e  s ex ua l  

d i f f e  nee in  3-HAAO dove 1 opr • mi t . The so d i f f e r e n c e s  ma,
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p o s s i b l y ,  p a r t  i a l l y  bo a t t r i b u t e d  to  the  h e p a t i c  mic rosomal  

enzyme sys tem.

At 4 weeks male and female  h e p o t a c y t c s  a r e  e q u a l l y  c a p a b l e  

o f  me t abo l r z i r u j  hormones,  d r ups  and o t h e r  m o l e c u l e s .  By 6 weeks

t h e  male h e p a t o c y t e  i s  more <. f f l c i e n t  (Conney 196 7 ) .  P o s s i b l y

t h e  l e s s  e f f i c i e n t  d e t o x i f i c a t i o n  by t he  female h e p a t i c  

mic rosomal  enzyme sys tem r e s u l t s  i n  a p ro lo ng ed  s t i m u l a t i o n  by 

e f f e c t i v e  m o l e c u l e s .  Th i s  may e x p l a i n  t he  r e l a t i v e l y  h igh  l e v e l s  

o f  t h i s  enzyme i n  the female  l i v e r  a f t e r  2 months o f  age .

The s ex u a l  d i f f e r e n c e  in r e n a l  3-HAAO i s  one o f  q u a n t i t y .  

Both t h e  a e t i o l o g y  and t h e  f u n c t i o n  of  t h e  r a i s e d  l e v e l  o f  3-HAAO 

i n  t h e  male k idney  remain o b s c u r e .

The deve lopment  o f  t h e  g e n e t i c  a p p a r a t u s  o f  3-HAAO has  

been mo n i t o red  v i a  measurement  o f  t he  c y t o p l a s m i c  l e v e l  o f  t h i s

enzyme. P r i o r  to  m a t u r i t y ,  c o r t i s o l  ,ias no d e t e c t a b l e

i n f l u e n c e  on the  g e n e t i c  e x p r e s s i o n  of  3-HAAO.

(B) LIVER 3-HAAO VERSUS KTDNTY 3-HAAO; -

Enzymes p e r fo r m i n g  s i m i l a r  b io c he mi ca l  f u n c t i o n s  may 

o c c u r  i n  d i f f e r e n t  forms.  They may have d i f f e r e n t

p h y s i c o c h e m i c a l  o r  a d a p t i v e  p r o p e r t i e s .  The f o i mor  may be

c o n f e r r e d  on the  enzyme a t  the  l e v e l  of  t he  s t r u c t u r a l  gene ,  t he  

l a t t e r  may r e s u l t  from t he  phy s i cochem.i c a l  p r o p e r t i e s  o r  be due 

t o  d i f f e r e n t  i n t e r n a l  e n v i ro n m e n t s .

(o )  A con s ; de i a t i en of t he  Phyr . ico Cliem 1 c oJ P r o n o r t i e s  

o f  3-HAAO- -

The s t r u c t u r a l  gene de termines ,  the  amino a c i d  

s equence  o f  a p r o t e i n .  A!t r i a t  ion of  a s i n g l e  ba se  w i t h i n  the
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s t r u c t u r n ]  gene may r e s u l t  i n  the  p r o d u c t i o n  i f  i soenzymes .

C e r t a i n  s p e c i f i c  a r e a s  o f  3-HAA0 have been c o n s i d e r e d  -

( i  ) The C a t e il yl ic s i t e and tfio influort ;e of p H,

temp^Ta I ni • ■ and s u b s t r a t e :-

No ob v i ou s  d i f f e r e n c e s  were found.

I t  must be r o c a t ] cd t h a t  t h e  a c t i v e  s i t e  p r o b a b l y  c o n s i s t s  o f  

g r oups  s e p a r a t e d  by p e p t i d e  bonds o r  even s i t u a t e d  on d i f f e r e n t  

c h a i n s  ( Boyer  I 9 6 0 ) .  The s i m i l a r i t y  between l i v e r  and k i d n e y ' s  

r e s p o n s e  t h e r e f o r e  r e f l e c t s  a s i m i l a r i t y  i n  s t r u c t u r e  which i s  

n o t  c o n f i n e d  to  a s i n g l e  ami no a c i d .  L i v e r  and k i dney  3-HAA0 

h as  been found t o  bo i sodynamic  in  t h i s  s t u d y .

( i i ) The An ti geni c Si t o :-

t h e  r a b b i t  p roduced  a s i n g l e  d e t e c t a b l e  

a n t i b o d y  t o  l i v e r  3-HAA0. The p r o b a b i l i t y  t h a t  t he  

p u r i f i c a t i o n  t e c h n i q u e s  a r e  a deq u a t e  i s  i n c r e a s e d  and k i n e t i c  

s t u d i e s  become m e a n i n g f u l .  L i v e r  and k i dney  have a s i m i l a r  

a n t i g e n  s i t e

( i i  i ) The 'N'  l ^ r o i n a l : -

N e i t h e r  enzyme hus an 1N* t e r m i n a l  

d e t e c t a b l e  by means o f  d a n s y l o t  i on .

( i v ) Mo l ec u l a r  Weight  D e t e r m i n a t i o n : -

M u l t i p l e  bands were o b s e r v ed  on p o l y a c r y l a m i d e  

g e l  s e p a r a t i o n  of  both  l i v e r  and k i d n e y .  More t han  one peak of  

p r o t e i n  and a c t i v i t y  were d e t e c t e d  on Scphadex f i l t r a t i o n .  These 

f a c t o r s  s u g g e s t  t he  p r e s e n c e  o f  p o s s i b l e  i soenzymes  o f  sub u n i t s  

o r  o f  v a r i a b l y  a c t i v e  forms of  the  some enzyme.

( v ) flie S t oh i l i l y  o f 3 - 11A AO: -

On p u r i f i c a t i o n  and s t o r a g e  3-HAA0, proved 

u n s t a b l e .  Except  fo r  l e n a l  3-IIAAO on si m  ago a t  the homogenate 

s t a g e ,  both  l i v e r  and k idney  enzymes d i s p l a y  a s i m i l a r  s t a b i l i t y
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on storr . ' jo and til vn on pui i i i t:o ! ion . Rfnal  3-HAAO' :i c t c b i  1 i  iy 

as  a n a tv  i s  niu kcdi  \ i r ,proved a f Lor in  v i v o c o r t i s o l

t r e a t m e n t .  Hopa t r c  3-I1AA0 o1 a s i mi l c u  s t age of  p u r i f i c a t i o n  

i s  i n h e r e n t ]  y more r. f a b l e  -  i n v ivo c o r t i s o l  does  no t  f u r t h e r  

enhance  t h i s  s t a b i l i t y .  He q u e s t i o n  as t o  who tie r  t h i s  i s  an 

o rga n  s p e c i f i c  d i f f e r e n c e  o r  on e nzyma t i c  d i s s i m i l a r i t y  a r i s e s .

(b )  The I n I o r no l  f'nv.i run'-i-'-nt of  ' i .-or an-I Kidney 3 -HAAO: -

The l i v e r  i s  r e c o g n i z e d  as a more r a p i d  p r o t e i n  

s y n t h e s i z i n g  organ  t han  of h e r  t  i 5, s u es  (Rol l  man 1963) ,  t r y p t o p h a n  

i s  however  p r obuu l y  not  c o n c e n t r a t e d  by l i v e r  as  Given and Knox 

(1959)  found,  t he  c o n c e n t r a t i o n  of  f r e e  t r y p t o p h a n  i s  on ly  

s l i g h t l y  h i g h e r  in  l i v e r  t han  j n p l a sma .  S t e r o i d s  non-  

s p c c i f i c a l l y  i n c r e a s e  t he  l e v e l  o f  f r e e  amino a c i d s  i n  both  l i v e r  

a nr’ ' dney (No a l l  c L al . 1957) .  S p e c i f i c  i n t e r a c t i o n  between 

s t  and < 'zymcs i s  i n f l u e n c e d  by o t h e r  i n t r a c e l l u l a r  f a c t o r s

(Y51 g and Tonkins  1962) .  The d i s s i m i l a r  f u n c t i o n s  o f  l i v e r

am /  s u g g e s t  d i f f e r e n t  i n t e r n a l  c e l l u l a r  e nv i r o n me n t s  i n

t he  vo o r g a n s .

The a b i l i t y  o f  s t e r o i d s  to i n f l u e n c e  t he  p r o t e i n  s y n t h e s i s  

o f  enzymes i s  p ro b a b l y  c o n f i n e d  to i n t e r a c t i o n  w i t h i n  t a r g e t  

o r g a ns .  Endoc r i ne  p r o d u c t s  accumul a t e  in t a r g e t  o r g a ns  and a r c  

e f f e c t i v e  in  t r i g g e r i n g  c o n c e n t r a t i o n s  (bzego 1971) .  T a r g e t  

o r g a n s  s e l e c t i v e l y  b ind  s t e r o i d : ,  to c y t o s o l  r e c e p t o r s ,  t h e s e  

mobi l e  r o c ' p t o r s  t r a n s f e r  the s t e r o i d  to t h e  n u c l e u s  ( H e c h t e r  and

S o i f e r  1971) .  Not on ly  does  the  t a r g e t  c e l l  c o n c e n t r a t e  t h e

s t e r o i d ,  e . g .  c o r t i s o l  i s  c o n c e n t r a t e d  by the h e p o t o c y t e ,

(litwock and bo sorgo 1967), i ! t 1 a n : po r I s I h<* hormone to the 

nucleus, e.g. aide s. to rone to the kidney cel .1 nucleus, (Jensen 

and Jacobson .196?), cortisol in the hepalocyte nucleus (be a 1 o 

and t < i 1 gr 1 son 16 72). Kidney end L 1 ve r ho I !> he. 0  the obi lily to

act as L u i'M'' t logons - t hey b ' i h ai'e (.upel.i 11 • a I protein

synthesis in e y 1 o g : lot e c I j r eiisl once-,.
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Non-taiy*-1 L o i g c i .  tie hove I ln- i r  cylc-;.-? a..m exp.;- ■! L<> 

hormone's but  they  d i f f e r  from ta rge t ,  o r g a ns  in  t h a t  I l e y  .luck 

t h e  a b i l i t y  t o  I ran s p o r t  the hormone to t h e  n u e l " u s  ( b o u l i e u  

1971) .  Non-1 ai g e t  o r g a n s  do n o t  d e ve lo p  a n u c l e a r  coruen  t r u l l  on 

o f  t h e  hormone (SUunpf e t. a .l . 197.1), and e ra  l o i n  synl loo,  i s  

becomes u n l i k e l y .

In v i t r o  c o r t i s o l  f a i l s  t o  p roduce  any e f f e c t s  on 3-fiAAU 

-  in  v i vo c o r t i s o l  does  e f f e c t  t h i s  enzyme.  Thi s  s u g g e s t s  t h a t  

c o r t i s o l  e i t h e r  r e q u i r e s  o v i a b l e  g e n e t i c  c p p a ; u l u s  o r  t h a t  one 

o f  c o r t i s o l ' s  m e t a b o l i t e s  i s  t he  a c t i v e  component .  The l a t t e r  

i s  more l i k e l y  t o  app l y  as  k i dney  i s  no t  r e c o g n i z e d  as  a t a r g e t  

organ  of  c o r t i s o l .  Renal  3-HAAO i s  s t a b i l i z e d  by in v i vo 

c o r t i s o l .  The exogenous  dose o f  c o r t i s o l  t h a t  s t c b i l l z r d  

r e n a l  3-HAAO had no e f f e c t  on t he  - l a b i l i t y  o f  live-.  3-HaAO.

The i n h e r e n t l y  enhanced s t a b i l i t y  of  l i v e r  3-HA^O n,< y be 

a c h i e v e d  by endogenous  c o r t i s o l  -  i i  i s  d i f f i c u l t  t o  c c e s s  t he  

t r u e  c o n c e n t r a t i o n  o f  a hormone a t  i t s  s i t e  o f  a c t i o n  ( V i i l e e

1961) .  I t  i s  s u g g e s t e d  t h a t  t h e  a p n a r e n t 1y d i f f e r e n t  r e s p o n s e  

o f  l i v e r  and k idney  3-HAAO i s  a d o s e - d e p e n d e n t  phenomenon 

e x p l a i n e d  on a t a r g e t  o rgan  r e s p o n s e .

At t he  p r e s e n t  l / v e l  of i n v e s r  i g o t i o n ,  a l l  t h a t  can be 

s t a t e d  i s  t h a t  l i v e r  and k i dney  3-HAAO a re  he I e r o / y g e n o u s  " . e . 

t h e y  a r e  i sodynamic  but a r e  d e r i v e d  from d i f f e r e n t  o r g a n s .

( c )  3-HAAO -  AN A'y.n ? / !-j f. TNZYHf

( a )  O >i ! i -a) 1 _and 3 ' :AAO: -

Ttiere a r e  b a s i c a l l y  thr ' ' ,  < l e v e l s  at  w h i a 11 enzyine 

r e g u l a t i o n  may or c u r  ( Y i e l d i n g  i ° 7 ] ) : -

1. Noc'i I j cat  i on of  t l ie a c t i v i t y  /  e f f i c i e n c y

o f  t he  enzyme. I hi s oceu ir. whan t j yp [opium pyr  i o l a s e  .->
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exposed  t o  i i yptophon (Ci' 'engine.! end FeiJcp l - u n  1961) .  Thi s  

enhanced c a t a l y t i c  power i s  a c h i e v e d  a t  a c y t o p l a s m i c  l e v e l .

2,  The a v a i l o h i  1 i t y  of  o n />n,u subs  I r a t e  and 

t h e  removal  o f  p r o d u c t s .

T h i s  i s  t he  b a s i s  o f  t h e  ' mass  a c t i o n '  1 ' sory o f  enzyme 

a d a p t a t i o n .  (Mandels tam 1952) .

3.  Changes i n  t h e  c o n c e n t r a t i o n  of t he  enzyme

ns  d e t e r m i n e d  by s y n t h e s i s  and d e g r a d a t i o n .

C o r t i s o l  i n c r e a s e s  t he  e y n t h e t i c  r a t e  of  t r y p t o p h a n  p y r r o l a s e ,  

t r y p t o p h a n  d e c r e a s e s  i t s  r a t e  of  d e g r a d a t i o n  (Schirnke e t a 1 .

1 965) .  Both on a d a p t i v e  i n c r e a s e  i n  onzy, • s y n t h e s i s  o r  a 

d e c r e a s e  r a t e  o f  d e g r a d a t i o n  a r e  d e f i n e d  as enzyme i n d u c t i o n .

Hormones a r e  known t o  modi fy g e n e t i c  e x p r e s s i o n  a t  t h e  

l e v e l  o f  t r a n s c r i p t i o n  ( n u c l e u s )  and t r a n s l a t i o n  f c y t o p l a s m )  

(McKerns 1969) .  Hormones t hought  to i n f l u e n c e  NAD metabo l i sm 

i n c l u d e  a d r e n a l , t h y r o i d ,  f emale  gonda l  and g iowth  hormone 

( Gr e cnga r d  1 ' 6 5 ) .  In t h i s  s t ud y ,  t h e  e f f e c t s  o f  t h e  a d r e n a l  

g l u c o c o r t i c o i d s  on one o f  t h e s e  enzymes i s  c o n s i d e r e d .  

G l u c o c o r t i c o i d s ,  i n c r e a s e  1 he l e v e l  o f  t r y p t o p h a n  p y r r o l a s e  v i a  

i n c r e a s e d  p r o t e i n  and m - RNA s y n t h e s i s  (Mosuda and Duncan 1971) .  

The e f f e c t s  o f  g l u c o c o r t i c o i d s  on 3-HAAO have not  p r e v i o u s l y  

been d e s c r i b e d .

ai) C o r t i s o l  Art inn a t  tin Cv topi  asm i c. I. eve]

C o r t : so l  a cc um u l a t e s  mainly  in tha  c y t o p l a s m i c

compar t i ’ien t of  t he  h e p a t o c y t e  (hi  t vack e t a i . 1963 and 1965,  

Li twnck and Base rga  1967, Mon y and Li twack 1969).

Ac t i ng  at  a cytoplasmic:  l e v e l ,  s t e r o i d s  a r e  known to  

a l t e r  enzyma t i c  :,t rue t u i ■ l>y i n t e r f e r i n g  vi  th covul  a r t  bonds 

among s u b - u n i t s ,  i . e .  t e) aids,  a t e  known to  a c h i e v e  a change in
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t e r t i a r y  s t r u c t u r e  ( Y i e l d  i rm and ie;'! ins  Coj t i  ;u I ,

a c t i n g  as  a l i g a n d ,  i s  known t o  r e t a r d  h y d r o l y . l s  o f  c e i i a i n

p r o t e i n s  (Ryan 1973) .  C o r t i s o l ,  a l t h o u g h  i t  f a i l s  to i n c r e a s e  

t h e  l e v e l  of a c t i v i t y  i n  the  k idney ,  s t a b i l i z e s  r e n a l  3-ilAAO on 

s t o r a g e  i n  t h e  homogena t c . Only in v i v o c o r t i s o l  d i e t s  t h i s  

r e s p o n s e .  This  does  no t  e x c l u d e  the p o s s i b i l i t y  t h a t  c o r t i s o l

a c t s  a t  a c y t o p l a s m i c  l e v e l ;  i t  may imply t h a t  u m e t a b o l i t e  i s

t h e  a c t i v e  component .  C e r t a i n l y  on l y  a s ma l l  p e r  c e n t  of  

m e t a b o l i c a l l y  u n a l t e r e d  c o r t i s o l  i s  found in  t he  hepa  t ocy to 

( F i o l o  and Li twack 1966) .

Hormones a r e  t r a n s p o r t e d  to  the  n u c l e i  o f  t h e i r  t a r g e t  

o r g a n s  (Bea t o  end F e i g e l s o n  1972;  J e n s e n  and Jacobs on  1962) .

The cy t op l a sm of  bo t h  t a r g e t  and non- t a r g e t  o r g a n s  a r e  e/ .posed 

t o  hormones.  I t  i s  t h u s  l i k e l y  t h a t  the  k i dney  c e l l  

e x p e r i e n c e s  c y t o p l a s m i c  but not  n u c l e a r  ex po su re  t o  c o r t i s o l .

In t h i s  s t udy  an i n t e r a c t i o n  between a c o r t i s o l  m e t a b o l i t e  

and 3-fiAAO a t  t he  c y t o p l a s m i c  l e v e l  may accoun t  f o r  t h e  enhanced  

r e n a l  3 - HAAO s t a b i l i t y  on s t o r a g e  a t  t he  homogenatc s t a g e  p o s t  

i n  v ivo  c o r t i s o l  t h e r a p y .

(c ) Cortisol, 3 - H A a n d  the 'Mass Act i n n 1 1 he o r y :-

Mandels tam (1952)  d e s c r i b ' d  t he  mass a c t i o n  t h e o r y  

on t h e  b a s i s  o f  an e q u i l i b r i u m  phenomenon.  Coi. d i l a t i o n  o f  an 

enzyme wi th  s u b s t r a t e  u p s e t s  t h i s  cqu j .1 i b ! i urn wi th  t h e  p r e c u r s o r  

s u b s t a n c e .  The h i g h e r  *he s u b s t r a t e  c o n c e n t r a t i o n ,  t h e  g r e a t e r  

t h e  demand t o r  enzyme and the  h i g h e r  t h e  r a t e  o f  enzyme s y n t h e s i s .

C o r t i s o l  i s  known t o  i nduce  t r y p t o p h a n  p y r r o l  use  -  t he  

f i r s t  and most J i k d y  rate--!  1 m i t i n g  enzyme of  t he  t r y p t o p h a n -  

n i c o t i n i c  a d d  pathway (Rase and braid,nan 1971 ) .  The p o s s i b i l i t y  

t h a t  t he e l e v a t ' d  l e v e l s  o f  3-11A At) d e t e c t e d  i n  l i v e r  p o s t  c o r t i s o l
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tin- ropy ci re duo to .i nci i ' ouod iin.>\'vi!oii t  dovn I.Ms pa J ivoy exis t ,  s .

I t  i s  un i  j I' .J y t ha t  1 he p r i mary  oc t ior .  of c o r t i s o l  on 3-IIAAO i s  

a t  t he  l e v ]  o f  t r y p ' o j h a n  p y r r o l  use for  t h e  f o l l ow]  ruj j eason s : -

1.  C o t i s o l  modi a l e s  an enhanced l e v e l  o f

t r y p t o p h a n  p y r r o l o c o  '/J n_ j ncr*'ciser! p r o t e i n  syn Lhf' s i s  - t h i s  i s  

no L p r oc eede d  by an enhanced c o n v e r s i o n  o f  i n a c t i v e  to  a c t i v e  

enzyme ( G v  n y e d  1963) .  In 1966 Green, j ard  went  a s t e p  f u r t h e r  

and showed t h a t  a f t e r  c c u t i s o l  t r e a t m e n t  1 h'' ma jor  component  of  

t r y p t o p h a n  p y r r o l a s e  vl, icli  i s  i n c r e a s e d  i s  an i n a c t i v e  forrn. 

Under  phys i o l e - ,  i c a l  c o n d i t i o n s  most o f  t he  t r y p t o p h a n  p y r r o l a s e  

i n  the  cy t o r e  1 i s  in  an i n a c t i v e  forri  (Knox o t  a l « 1966) .  A l l

t h e  t ryp t op l i en  p y r r o l a s e  induced  by c o r t i s o l  i s  t h u s  not  

i mm e d ia t e l y  a v a i l a b l e  to t he  1 1 y p t o p h a n - n i c v t i n i c  a c i d  pathway 

and hence not  t o  t he  'mass  a c t i o n 1 h y p o t h e s i s .  In f a c t  Given 

and Knox (1969)  showed t h a t  c o r t i s o l  d i d  not  i n c r e a s e  t h e  r a t e  

o f  t r y p t o p h a n  me tabo l i sm as measured by the  e x c r e t i o n  of  

xan h e n u r i c  ond kyneur,  n i c  a c i d s  in  p y r i d o x a l  do vie.  rate . .

Al though s t e r o i d s  may i n f l u e n c e  t he  e n t r y  of  amino oci Is i n t o  

c e l l s  i n d u c t i o n  wi th  c o r  I i s o l ,  u n l i k e  wi t h  t r y p t o p h a n ,  i s  not  

a s s o c i a t e d  wi t h  an i n c r e a s e d  l e v e l  o f  f r e e  t r y p t o p ha n  w i t h i n  

t h e  l i v e r  ( l omki ns  and Maxwell 1966) .

2.  Knox and Auerbach (1965)  i n c r e a s e d  t he

l e v e l  o f  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  u s i ng  c o r t i s o l  and found 

u r i n a r y  e x c r e t i o n  of  k yn eu r i n e  d oub l ed .  Both t r y p t o p h a n  and 

c o r t i s o l  have been shown to i n c r e a s e  t he  u r i n a r y  e x c r e t i o n  of  

t r y p t o p h a n  m e t a b o l i t e s  (Brown end P r i c e  1956, Allman end Green

1966) - t h e s e  r .ntahol  i 1 os a r e  found p r i o r  to  3-MAAO in  t he  

t  r y p t oph an —r i i co t i n 11. a>" i. d pu t h v a , . Th i s  po i n t  s not on l y  to  thc  

p r o d u c t i o n  of a c e r t a i n  c o n c e n t r a t i o n  o f  u n l i v e  t r y p  > ophan 

p y r r o l a s e ,  bul a l s o  i  11 umj nn t e s t lie l i m i l f d  e x t e n t  moved down 

t lw pathway by a t I eas t  . i pri' iu^i I ion of  the  p r o d u c t .  Kose a i d  

Me Gin ty (196:1) found s ee -  3-HAA > . - xc r e t ed  a f t e r  c u r l  i sol



i ndue . t i  n . Thi& inipl.i i uidvqun t ■ ■ 3-11A AO a v a i l a b l e  f o r  111 e

p r o p o r t i o n  of  i,atari r o t e  pul e n t i a l l y  o b i e  to pa s s  down t h i s

pathway to  n i c o t i n i c  a c i d .

3.  Tr yp tophan  p y r r o l  a r c  can be i nd u c ed  by 

c o r t i s o l  i n  newborn r a t s  a f t e r  12 days  of  age (von Bckkum),

3-HAA O  was not  induced  by c o - t i s o l  in  15 ,5  week o l d  r o t s  ( p .  

3 9 ) ,  Hass m o v e i . i e n  I down t h i s  pathway i n  the  15,5 week o l d  r a t  

e i t h e r  f a i l s  t o  r e ach  /  i nduce  3-HAAO or i n d u c es  3-HAAO in 

s t a t i s t i c a l l y  i n s i g n i f i c a n t  q u a n t i t i e s .

4.  In 1957 no a d a p t a t i o n  had been found

s u b s e q ue n t  to the  f i r s t  r e a c t i o n  in  t r y p t o p h a n  mc tabol r sm (Lin

and Knox).  Excess  d i e t a r y  l e u c i n e  s i g n i f i c a n t l y  i n c r e a s e s  

t r y p t o p h a n  p y r r e l o s e  out  has  no e f f e c t  on e i t h e r  3-HAAO o r

n i c o t r i , v t  e- .phosphori  bos y l  t r a n s f e r a s e  ( A f o o r u n i s s a  and 

Naros i  ngarao  1973) .

5.  The e f f e c t  o f  s t e r o i d s  on l i v e r  enzymes 

i s  s e q u e n t i a l  r a t  h - r  than s i , u l  t-rneous of  the  maximum r e s p o n s e  

t r v p t o p h a n  p y r r o 1 ase  i s  between 4 - 6  hour s  ( F c i g e l s o n  e . a l . 

1962,  Rosen and N i l h o l l a n d  1971) .  The maximum r e s po n se  of  

3-HAAO p r c c  'as t h i s .  Al though t he  maximum r e s p o n s e  depends  

on t he  h a l f  l i f e  of  the  enzyme, t h i s  f a c t  docs  not  f av o u r  t he  

mass a c t i o n  h y p o t h e s i s .

The a c t i v i t y  of  c o r t i s o l  i nduced  t r y p t o p h a n  p y r r o l a s e ,  

t h e  t empora l  r e sponse  of  t r y p t o p h an  p y r r o 1 a r. e and 3-HAAO, the 

enhanced  e x c r e t i o n  of  m e t a b o l i t e s  p r i o r  to 3--HAA0 in t he  

t r y p t v - p h a n - n i c o t  in i c a c i d  pathway'  and I he 1 nek of  r e s p on se  in 

o t h e r  en/ymcs  on t h i s  pathway a l l  oppose  t he  c v n c g o f  the  

' mas s  a c t i o n '  h y p o t h e s i s  b< i ng the s o l e  mode of  i n d u c t i o n  of  

3-HAAO by c o r t i s o  1.
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f d)  C'.>1 ! i I i iim cit 1 ii■ I ••v' l  <> f t*i" C"ii-\t i c.

Aj'p o ; a I i i r- < i \ 8 -11A AO: -

1 oink i n s  fij_. ( 1 9 6 9 )  !:.v;ine:>t Ihct.  c o r t i  l.o 1 may 

mcd > at v  . indue t.i on v i n  i v ' u l c . l  ion of  1 !: f con f o iinot 1 on o f  the 

o i l  O', to vie  m o l e c u l e .  The c l e i  o i d  mcy i n f l u e n c e  the- s y n t h e s i s ,  

den re  'at i o n  oi  I : cm s p o r t  o f  t h i s  j-e|u es^.or s u b s t a n c e  from t he  

cy  top]  osm to  ' lie n u c l e u s .  Karl  sou end 5 e l : e i i s  ( 1 9 6 6 )  fool  

c o r t i  sol  a c t s  et tin l e v  1 o f  t h e  n u c l e u s  v i n̂ h r n d i ng  t o  I - i  s t o n e s .

A n e g a t i v e l y  cfuu yed d e r i v e !  I ve o f  coi  I i  v.ol may pi ay a r o l e  in 

t he  r e l a t i v e l y  nun s p e c i f i c  d e p r e s s i o n  of g e n e t i c  i n f o r m a t i o n  

a s s o c i a t e d  wi th  c o ; 1 i s c l  i n d u c t i o n  ( f j l a  and L i t  week 1966) .

C o r t i s o l  i s  tl -ught t o  a c t  a t  the  l e v e l  of gone t r a n s c r i p t i o n  in  

t he  cas e  of  t i y p t o p h a n  p y r r o l a s e  (Yu Fu Li and i " i g c l s o n  1969) 

and o t h e r  h p a t i c  enzymes t e s t e d  in r a ! he pot  onto (Yu and F ei  g e l  son 

1971) .  Ashmore and Morgan (1967)  for i i h a t  coi  L i s o l ' s  i n i t i a l  

a c t i o n  on the  n u c l e u s  a c t i v a t e s  synt lu s i s  of  s p e c i f i c  RNA r e s u l t i n g  

u l t i m a t e l y  in c <• i t a i n  on/ . . ■ •••s b-.-intj pi oc'uced.  P u r i n e  n u c l e o t i d e  

s yn t l ue - i s  i s  one of  t h e  cun-. -guences o f  g l u c o c o r t i c o i d  a c t i v i t y  an 

t he  l i v e r  (f e i g e l  son e t a 1. 1962,  F e i g i l s o n  and F c i g e l  son 1963 

and 1965) .

Th i s  enhanced RNA s y n t h e s r s  a s s o c i a t e d  wi t h  hormonal  enzyme 

i n d u c t i o n  i s  i n h i b i t e d  by a o t i nomyc i n  f) ( Gar ren  _al_. 1964) .

Act  i nomyci n is, t hough t  to i n h i b i t  RNA po l ymera se  v i a  b i n d i n g  wi th

DNA p r i m e r s  (Guide- rg ej nj_. 1962) .  Thi s complex be tween

a c t  i non-yc i n i s  s e l e c t  i ve and r e v e r s  i bit- (Rarncibei  e t. a 1. 1965) .

Actinomy c i n  I) g i v o n  c l o n e  i s known to i n c r e a s e  on /y me a c t i v i t y  -

t h i s  inc  re ace i r. at  t r i b u t  vd t o  an o n h a n c  d vnryme s y n t h e s i s  in

t he  p r e s e n c e  of  i n h i b i t i o n  a f  synthe:  i s  o f  i n h i b i t o r s  o f  t r a n s l a t i o n

(Toml ins  e t a 1 . 1966) .  Ac t i non-yc i n <!- ---s not  i n t  -rf-'-re wi th  t he

prv-c-x i s I i no m- RNA a c t i n g  as a t - nip I a I -■ f o r  p r o l e i  n syn th- ' . , i s  -  i t

doe r. not. pro.-.; 1 ud- enhaiic-Men t of an ,-y me a c t i v i t y  \ i a a 1 l a s  t e r i c  e f f e c t s ,

convejsi'-i, of j nac I i ve mol < <. u 1 c s or ev. n j ru. i etis-ed synthetic



a b i l i t y  o f  v\i.  s t i n g  m -• I'M A (Ray y j  a l . IV 6-1). A,t t . i i .o,,;ycin 

i n h i b i t e d  c o r t i s o l  indue I ion of  l,o ! h t  i-yptophon p y r r o l  uuo 

(Michkin  arc! S l o i o  1967) and 3-HAA‘V ( sou R, -<7), C c u t i ' o l  thus  

i n d u c e s  v i a  p r o t o  in s y n t h e s i s .  As p r e v i o u s l y  d i s c u :  U, i t  i s

u n l i k e l y  t h a t  t he  movement o f  M e t a b o l i t e s  down t h i s  pathway 

c o u l d  c o m p l e t e l y  account  fo r  the  i n c r e a s e d  1 eve] c  3-1 iAAO; i t  

t h u s  seems l i k e l y  t h a t  the  p r i mar y  a c t i o n  of  c o r t : J i s  a t  t he

l e v e l  o f  3-HAAO's g e n e t i c  o s p a r a t  us .

The r a p i d i t y  o f  t h i s  enzyme1s r e s p o n s e  t  ( t i o s l ,  t he  

knowledge t h a t  RMA po l ymerase  a c t  i v i  I y peaks  at  3 n o n i ;; p o s t  

i n t r a p e r i  toneu.l  c o r t i s o l ,  the  e f f e c t  o f  c o r t i s o l  on the  l e n a l  

enzyme and the  n e bu l ou s  r e s u l t s  ol> I oi non on a n t i b o d y  a n t i g e n  

t i t r a t i o n s ,  a l l  s ugges t  n n u l t i f o c a l  r od e  of  a c t i o n .

THE Ar>APT/ i j l ! J  i Y OF 3-h ' AO ON TRYP1(iPH AN ATI I 11 A'TION: -

The a b i l i t y  to = u r v i v e  w i t h i n  a changing  e nv i r onmen t  i s  

i n t i m a t e l y  l i n k e d  wi th  t he  a d a p t a b i l i t y  o tlu'  m e t a b o l i c  p r o c e s s .  

In a n i ma l s ,  a d a p t a t i o n  can be a c h i e v e d  v i a  e i t n e r  hormonal  

r e g u l a t i o n  o r  a l t e r a t i o n  of  a d i e t  oi y s u b s t r a t e  ( F e i g c l e o n  e t  a 1 .

1962) .  Tryptofdion i n d u c t i o n  of  t , yp tophan  p y r r o l a s e  i s  

a s s o c i a t  ed wi i.h two phenomeno -  c o n v e r s i o n  of  i n a c t i v e  t o  a c t i v e  

farms of  t he  enzyme p l u s  on inc  i e a s e  in 1 he t o ta l ,  p r o t e i n  moie ty  

o f  t h i s  enzyme ( O r e -n g o t d  and Acs 1962 ; .  Ac t inovnycin has  no 

i n f l u e n c e  on t h i s  i espon r.e ( ( - reengai  d e t e l .  1963) .  I ryptophon  

odmini  s, t. r a t  ion shou ld  thu , i n c r e a s e  the  movement down the  

t  ryp t o ph on- n i c o t i n i c  a c i d  pathway and e l e v u !e the  l e ve l  o f  

3-HAAO a c t i v i t y  •- t h i s  wo.  found Liue v t bo th  l i v e r  and k i dney .  

The drop in h e p a t i c  3-liAAO a c t i v i t y  which fo l l owed  t r y p t  ophan 

i n d u c t i o n  c u 11d po - s i 11 1y he e x p l a i n e d  as  e n z y m e  d e p l e t i o n  due to  

e x c e s s i v e  movei wmi I down the t i y p  t o p h u o - n i - o I  in Ic a c I ' pat  buoy -  

t he  a cu t e  demand 1 a : 3 ■ 11A At I e v  ( ed ing  I he syn I In l i e  p o t e n t i a l  of
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t he  9  ■1 n i t i e  uppu i x: iu s at. ihf, t. t i me .  Tin. a J h a l i  used may have

f u r t h e r  compromx tiie 11 lu.-.

T r yp t ophen  udniini f t i u Li an i e ad e  n o t  on ly  t o  t h e  e l e v a t i o n  

o f  t r y p t o p h a n  pyi  r o l o s c ,  i t  cileo e l e v a t e s  at  l e a s t  f our  o t h e r  

h e p a t i c  enzymes ( f u s  t e r  1V66; P e i j n o  < t n l . 1965) .  In the

c a s e  o f  a t  l e a s t  c>ik‘ o f  t l i ese  enzymes an i n t ac t ,  a d r e n a l  i s

r e q u i r e d  (Kenney and f  >ra 196] ) .

The peak of  t r y p t o p h a n  induced  h e p a t i c  3-HAAO o c c u r s  

t owards  the  end of  maxi mum i n d u c t i o n  by c o r t i s o l  and p r o c e e d s  

c o r t i s o l ' s  i n d u c t i o n  of  t r y p t o p h a n  p y n o l a s e .  I n d u c t i o n  of  

3-HAAO by c o r t i s o l  i s  no t  pr  l a r i l y  v i a  mass movement down 

t h i s  pathway;  t r y i  'Ophan i n ' 1 c f  t h i s  enzyme may however

be due t o  t h i s  mechanism.  Co. -h .! - o f  a c t i o n  have no t

been e x c l ud e d .

IMF ADAPTABILITY OF 3-HMO ON PAC J T£Ff :TJON:-

In t h e o r y  i t  seemed p o s s i b l e  t hu t  DAB cou ld  a t t a c h  to

3-HAAO. DAB i s  known t o  b ind t o  c e r t a i n  c y t o p l a s m i c  p r o t e i n s  

which a r e  t hemse l ve :  a lmos t  e n t i r e l y  a b s e n t  from t he  r e s u l t a n t

tumour ( S o ’rof e t a 1 . 1958) .  In DAB induced  hepatomas  the  l e v e l  

o f  3-HoAO a c t i v i t y  i s  n o t a b l y  d e c r e a s e d  ( ihimoyamu e t  a 1 . 1965) .

The cyto |>lasmic  p r o t e i n  t o  which the  dye b i nd s  ha . c e r t a i n  

p r o p o r t  i s i m i l o i  to t h os e  of  3-HAAO -• i t s  i s o e l e c t r i c  p o i n t  

i s  8 , A (3-HAAO f a i . b d  1 r m i y i a t e  in p o l y a c r y l a m i d e  yel  a t  8 , 4 )

no ' N' t e r m i n a l  has been dx-tic. led and tlii.s p r o t e i n  shows

microns  t, inrp n e t  ty (lb t to i o r  el  nl . 1967) .  Iliv mo  ̂ecu 1 or  

weiqht  o f  t h i s  p i o l .  in i d  'Hi ('0 0 , that, of  3-HAAf' i s  lower .

The I c ve i  m o l e c u l a r  weiqht  farm cou ld  he j u s t i f i e d  i f  the  

enzyme had i . epara led i n t o  s u b - u n i t s  d u i i n q  pu r i f i < a I ion .
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As 111 c uy v .is only uyi l ro lys t  cl o f f  from t h i s  pro Loin by 

s t r o n g  a l k a l i  ( M i l l a r  and Mil l o r  1902) ,  p u i i f j c u t i o n  ol 3-1IAA0 

w i l l  not  d i s t u r b  tin.- dye - p r o t e i n  complex.  T e s t i n g  wi th  

f o r mic  and t r i c h l o r a c e t i c  a c i d  showed no e v i de nc  ; f o r  3-11AAO 

be i ng  c y t o p l a s m i c  p r o t e i n  . o which DAM a t t a c h e d .  M i c h a e l i  s 

c o n s t a n t  and an t. i !- od)' e xp e r  i !,,onts c on f i r me d  t h a t  DAB does  n o t  

i n f l u e n c e  the  ca t  a l y t i c  o r  an l i n e n  s i t e  on 3-HAAO. I t  t h u s  

seems u n l i k e l y  t he  I DAB d i r e c t l y  i n f l u e n c e s  3-HAA0 a t  a 

c y t o p l a s m i c  p r o t e i n  1 - v e l . D i e t a r y  DAB d i d  however  enhance  

t h i s  enzyme1 s a c t i v i t y  ii, b o t e  l i v e r  and k i dney .

In t e rms  o f  t he  a c t i v i t y  o f  r e n a l  3-HAA0 i t  i s  o f  i n t e r e s t  

t o  n o t e  t h a t  bound dye i s  v i r t u a l l y  a b s e n t  from k i dney  ( M i l l e r  

and M i l l e r  1947) ,  wh i l e  one of  t h e  h e p a t i c  DAB b i n d e r s  i s  a 

c o r t i s o l  b i n d e r  ( l . i twack  and Morey 1970) .  The c a r c i n o g e n i c i t y  

o f  DAB i s  a s s o c i a t e d  wi t h  i t s  a b i l i t y  to b ind  DNA (Dingrnan and 

Sporn 1967) .  No s t r i k i n g  rc.1 a t r a n s h i p  e x i s t s  between r e n a l  

tumours  and DAB and n o t h i n g  to  t he  c o n t r a r y  was found i n  t h i s  

s t u d y . Thi s  s tudy  d i d  however  show t h a t  DAB, o r  one o f  i t s  

m e t a b o l i t e s ,  enhances  t h e  a c t i v i t y  o f  3-HAA0 -  t he  mechanism 

i n v o l v e d  remains  o b s c u r e .

Less  d i f f i c u l t  t o  e x p l a i n  i s  t he  d e c r e a s e d  l e v e l  o f  

3-HAA0 in  macroscopi  c o l l y  abnormal  a r e a s  of  l i v e r  o i l e r  15 weeks 

on t he  DAB d i e t .  These a r e a s  had s u f f e r e d  hopoi o c y l e  l o s s  and 

c o n n e c t i v e  t i s s u e  ga in  t h u s  enzyme a c t i v i t y  i s  no t  comparab l e  

on a we igh t  to  weight  ba r , i s .  Why ce ' o in  l i v e r  c e l l s  s hou l d  be 

more s u s c e p t i b l e  to  no x io us  agent  s than o t h e r s  i s  beyond t he  

scope of  t h i s  d i c  : ' at ion.

3-HAAO i s  on a d a p t a b l e  enzyme wi h an a d u u t a b l e  pa thway.

St i ' 111 i nay act  at  t h -  l e v e l  of  the u"c I "U o r  (he cy t op l a sm



bu t  i n  c i t h e r  cose  t he  e f f e c t i v e n e s s  of  t h i s  s l i i . i u iur  i s  

i n f l u e n c e d  by t he  p l i y s i o l o n i t u l  a t  cite p i:e- Lmpsr c j  by o t h e r  

r e g u l o t o i y  f a c t o r s .
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