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Decrease  in Pe th id ine  D e m e t h y l a t i n g  Act iv i ty  of 
B o d y  X - I r r a d i a t i o n  

E n z y m i c  oxygenase  s y s t e m  1 i n v o l v e d  in  t h e  m e t a b o -  
l i sm of d r u g s  a n d  o t h e r  fore ign c o m p o u n d s  is a t t a c h e d  
to  t h e  e n d o p l a s m i c  r e t i c u l u m  of m a m m a l i a n  l iver2,  ~. 
T h e  ac t iv i t i e s  of these  h e p a t i c  m i c r o s o m a l  O~- a n d  
N A D P H - d e p e n d e n t  e n z y m e s  a a re  in f luenced  b y  a v a r i e t y  
of fac to rs  4, 5 i nc lud ing  X- i r r ad i a t i on ,  a f t e r  w h i c h  deg rada -  
t i on  of h e x o b a r b i t a l  b y  l ive r  h o m o g e n a t e  is m a r k e d l y  
suppres sed  6. I n d i v i d u a l  c o m p o n e n t s  of t h e  m i x e d  func-  
t i on  ox idase  s y s t e m  were no t  t e s ted .  The re  are  severa l  
r epo r t s  on  t he  i m p a i r m e n t  b y  r a d i a t i o n  of t h e  deve lop-  
m e n t  of d r u g - m e t a b o l i z i n g  e n z y m e s  in y o u n g  ma le  
r a t s  e, 7 a n d  t he  i n h i b i t i o n  of m i c r o s o m a l  e n z y m e  deve lop-  
m e n t  of p r e n a t a l  X - i r r a d i a t e d  r a t s  0, 8, 9. 

I n  a n  ear l ier  e lec t ron-microscop ic  s t u d y  of t h i n  r a t  
l i ve r  sect ions,  we obse rved  g r a d u a l  d i s a p p e a r a n c e  of t h e  
endop l a smic  r e t i c u l u m  a n d  large a p p a r e n t l y  s t ruc tu re l e s s  
cy top l a s mic  a reas  a f t e r  X - i r r a d i a t i o n  1°, These  f ind ings  
s t i m u l a t e d  us to  look for  changes  in  t h e  d r u g  m e t a b o l i z i n g  
c a p a c i t y  of t h e  e n d o p l a s m i e  r e t i c u l m n  (mic rosomal  frac-  
t ion)  a n d  in t he  level  of t h e  c y t o c h r o m e  P-450 c o m p o n e n t .  
Th i s  top ic  m i g h t  h a v e  p r ac t i c a l  i m p l i ca t i ons  for  p h a r -  
m a c o t h e r a p y  in p o s t - i r r a d i a t i o n  s ta tes .  

Materials and methods. T he  p r e s e n t  s t u d y  deals  w i t h  
the  in f luence  of in  v ivo  w h o l e - b o d y  X - i r r a d i a t i o n  (600 R, 
800 R, 1000 R us ing  t h e  X - r a y  e q u i p m e n t  Supe r sanap ,  
180 kV, 15 mA,  0.5 m m  Cu + 1  m m  A1 fil ter,  exposu re  
r a t e  27 R / m i n )  on  t h e  enzym i c  p e t h i d i n e  d e m e t h y l a t i n g  
s y s t e m  of i so la ted  r a t  l ive r  mic rosomes  a t  va r ious  t i m e  
in te rva l s .  Groups  of ma le  r a t s  we igh ing  220-240 g were  
i r r a d i a t e d  and  ki l led on  va r ious  d a y s  a f t e r  i r r ad ia t ion .  
T h e  a c t i v i t y  of t h e  e n z y m i c  s y s t e m  was  m e a s u r e d  in  
i so la ted  mic rosomes  n b y  t h e  e s t i m a t i o n  of f o r m a l d e h y d e  
re leased  *" f rom p e t h i d i n e  a f t e r  o n e - h o u r  i n c u b a t i o n  a t  
37 °C of  t h e  fol lowing m i x t u r e :  su spens ion  of mic rosomes  
( 2 r a g  of mic rosoma l  pro te in) ,  N A D P H  (3 nmoles) ,  
p e t h i d i n e  (11 nmotes) ,  s e m i c a r b a z i d e  (100 nmoles) ,  s o d i u m  
p h o s p h a t e  buf fe r  (0 .3M,  p H  7.4) m a d e  to  a t o t a l  v o l u m e  
of 2 ml.  T h e  op t i ca l  d e n s i t y  of yel low co lour  was m e a s u r e d  
u s ing  t h e  s p e c t r o p h o t o m e t e r  S p e c t r o m o m  360 (MOM, 
B u d a p e s t ,  H u n g a r y )  a t  420 nm ,  a n d  was  expressed  in  
t~moles of f o r m a l d e h y d e  pe r  1 g of m i c r o s o m a l  p ro t e in .  
P r o t e i n  was  e s t i m a t e d  w i t h  t h e  p h e n o l  r e a g e n t  13. T he  

I so la t ed  Rat  Liver  M i c r o s o m e s  F o l l o w i n g  W h o l e -  

leve l  0I c y t o c h r o m e  P-450 i,, p r o b a b l y  a c t i n g  as  t e r m i n a l  
oxygenase  i~ of t h e  sys tem,  was  also m e a s u r e d  is. 

Results and discussion. Figure  1 shows  t h e  a c t i v i t y  of 
t h e  d e m e t h y l a t i n g  s y s t e m  expressed  as  p e r c e n t a g e  of 
t h e  controls .  S t a t i s t i ca l ly  s ign i f i can t  decreases  of t h e  
a c t i v i t y  of t h e  s y s t e m  d e m e t h y l a t i n g  p e t h i d i n e  f rom t h e  
1st to  t h e  5 th  d a y  a f t e r  800 R a n d  f rom t h e  1st to  t h e  
3rd d a y  a f t e r  1000 R X - i r r a d i a t i o n  were  obse rved .  T h e  
dose of 600 R d id  n o t  in f luence  t h e  a c t i v i t y  t i l l  t h e  3rd  
day ,  b u t  led to  a s t a t i s t i ca l ly  s ign i f i can t  decrease  on  t h e  
4 t h  a n d  5 th  d a y  a f t e r  i r r ad i a t i on .  I n  t h e  p r e s e n t  s tudy ,  
t h e  decrease  of t h e  p e t h i d i n e  d e m e t h y l a t i n g  a c t i v i t y  was  
no t  a c c o m p a n i e d  b y  t h e  decrease  of c y t o c h r o m e  P-450,  
whose  levels  were  w i t h o u t  s ign i f i can t  changes  (Table) .  
T h e  a m o u n t  of m i c r o s o m a l  p r o t e i n  pe r  g l iver  we t  w e i g h t  
c h a n g e d  on ly  s l ight ly ,  t he re fo re  t he  r e su l t s  are  p r ac t i c a l l y  
n o t  a l t e r ed  if t h e y  are  expressed  o n  t i ssue  we t  w e i g h t  
basis .  Ou r  o b s e r v a t i o n s  are  a n o t h e r  case of l ack  of 
pa ra l l e l i sm b e t w e e n  t h e  m i x e d - f u n c t i o n  ox idase  a c t i v i t y  
a n d  ]?-450 levels  (cf. re ferences  15,1,). 

Changes  in t he  a c t i v i t y  of t he  p e t h i d i n e  d e m e t h y l a t i n g  
s y s t e m  fol lowed in  i so la ted  mic rosomes  in v i t r o  need  
n o t  be  d i rec t ly  co r r e l a t ed  w i t h  t h e  a c t i v i t y  of t h e  p e t h i -  
d ine  d e m e t h y l a t i n g  enzymic  s y s t e m  of t h e  l iver  in  v ice .  
I n  our  e x p e r i m e n t s ,  N A D P H  is a d d e d  in excess  whereas  
in  v i c e  i t  m i g h t  become  t h e  r a t e - l i m i t i n g  factor .  HILGER- 
TOVA et  a l a  s desc r ibed  a d rop  of l iver  N A D P H  level  
a f t e r  w h o l e - b o d y  i r r ad i a t i on .  Th i s  wou ld  p o i n t  in  t h e  

The levels of cytochrome P-450 at various days after X-irradiation 
expressed as percentage of controls 

Doses Days after X-irradiation 

1 2 3 4 5 

600 R 102 4- 7.2 99 4- 5.5 100 :[: 7.0 98 ~ 7.9 102 ± 8.0 
800 R 100 ~: 9.0 97 :[: 4.8 103 :J: 7.4 100 4- 8.5 102 4- 7.5 

i000 R 103 :h 9.4 102 :h 8.7 102 2}= 6.7 - 

Numbers of the animals are the same as indicated in the Figure. 
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The effects of different doses of X-irradiation on pethidine deme- 
thylating activity of the microsomal fraction. The results are ex- 
pressed as percent of enzyme activity in the controls. Standard 
deviation is expressed as dashed lines for the controls and as vertical 
lines for the irradiated groups, n, numbers of animals in the irradiated 
groups; 20 control animals. Black columns - 600 R, dashed columns - 
800 R, open columns - 1000 R. 
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same  d i r ec t ion  as our  f indings .  A poss ib le  e x p l a n a t i o n  
of our  resu l t s  would  be  t h a t  t h e  i r r ad i a t i on  d i r ec t ly  
d a m a g e s  e n z y m i c  pro te in(s )  or  t h e  s t r u c t u r a l  i n t e g r i t y  
of t h e  s y s t e m  (for e x a m p l e  on  t h e  bas is  of t he  impa i r -  
mer i t  of m i c r o s o m a l  lipids19,~"); a l t e r n a t i v e l y  e n z y m e  
ac t iva to r ( s )  m a y  be  reduced .  F ina l ly ,  t h e  decrease  in 
t h e  p r o t e o s y n t h e s i s  of t h i s  e n z y m i c  s y s t e m  could be  
considered.  

A poss ib le  effect  on  t h e  p i t u i t a r y ,  w i t h  t h e  r e su l t i ng  
c h a n g e s  in  t he  func t i ons  of t h e  a d r e n a l  co r t ex  or  t he  
sexua l  g lands ,  ha s  also to  b e  k e p t  in  m i n d  ~, ~L 

t a u x  du  c y t o c h r o m e  P-450  ne  c h a n g e  pas  apr~s  ces doses 
d a n s  les i n t e rva l l e s  men t ionn6s .  C 'es t  u n  cas  de  m a n q u e  
de para lMl isme e n t r e  le t a u x  du  P-450 e t  les c h a n g e m e n t s  
de la fonc t ion  de la m o n o o x y g 6 n a s e  mic rosoma le  d6jA 
connue .  
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Rdsumd. L ' i r r a d i a t i o n  (800 R) e n t r a i n e  u n e  d i m i n u t i o n  
de  Ia dCmCthyla t ion  in v i t r o  de  la  pCth id ine  p a r  ta f r ac t ion  
mic ro soma le  du  foie de Ra t ,  du  p r e m i e r  au  c inqu i~me 
jou r  apr~s  l ' i r r ad i a t i on .  U n e  rCduct ion marquCe a 6t6 
auss i  observCe aprCs 1000 R du  p r e m i e r  a n  troisiCnle j ou r  
e t  apr~s  600 R - ,  le q u a t r i ~ m e  e t  le c inqu i~me jour .  Le  
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The Effects of Heat on the Interactions Between Leucyl-tRNA Synthetases and tRNA's 

Severa l  s tud ies  h a v e  revea led  t h e  i m p o r t a n c e  of t R N A  
s e c o n d a r y  s t r u c t u r e  for  e n s u r i n g  i t s  a m i n o a c y l a t i o n  b y  
a c t i v a t i o n  e n z y m e s  ~. T h e  t h e r m o s t a b l e  l e u c y l - t R N A  syn-  
t h e t a s e  f rom Bacillus stearothermophilus*, 3 seemed  to  be  
p a r t i c u l a r l y  su i t ab l e  for  t h e  i n v e s t i g a t i o n  of t h e  effects  
of  h e a t  on the  biological  p rope r t i e s  of t R N A ' s  in  a m i n o -  
a c y l a t i o n  s y s t e m s  in  such  c o n d i t i o n s  t h a t  a d i r ec t  effect  
of  h e a t  on  e n z y m e  s t a b i l i t y  c a n  be, if n o t  neglec ted ,  a t  
l eas t  l a rge ly  avo ided .  As c ross - reac t ions  b e t w e e n  B. stea- 
rothermophilus a n d  Escherichia coli t R N A ' s  a n d  leucyl-  
t R N A  s y n t h e t a s e s  a re  comple t e  z, we were  also ab le  to  
s t u d y  t h e  effects  of h e a t  on  he t e ro logous  sys tems .  

Materials and methods. T he  e n z y m e s  used  in t h i s  s t u d y  
were  E. eoli 112-12 AS3  f r ac t ions  4 a n d  B. stearothermo- 
philus h i g h l y  pu r i f i ed  e n z y m e  f rac t ions  a. T he  p r epa ra -  
t ion ,  pu r i f i ca t i on  a n d  p rope r t i e s  of t R N A ' s ,  labe l led  
p roduc t s ,  chemica l s  a n d  s t a n d a r d  r eac t ion  m i x t u r e s  for  
t h e  load ing  of t R N A  a n d  for  t he  l e u c i n e - d e p e n d e n t  A T P -  
P P ,  e x c h a n g e  h a v e  been  ful ly  descr ibed  e lsewhere  3, L 
Mel t ing  of t R N A ' s  were  p e r f o r m e d  in s t a n d a r d  r e a c t i o n  
m i x t u r e s  (in t h e  p resence  of 6 ×  1 0 - 3 M  MgC12) w i t h o u t  
a d d i t i o n  of e n z y m e  p r e p a r a t i o n .  

Results and discussion. W e  r e p o r t e d  ear l ie r  t h a t  B.  
stearothermophilus l e u c y l - t R N A  s y n t h e t a s e  is v e r y  resis t -  
a n t  a g a i n s t  d e n a t u r a t i o n  b y  h e a t  2, 3: F igu re  1 shows t h a t  
i t s  k ine t i c s  of d e n a t u r a t i o n  a re  v e r y  slow a t  68°C, 
whe rea s  t h e  co r r e spond ing  e n z y m e  f rom E. coli is r a p i d l y  
d e s t r o y e d  a t  53 °C. The  s ame  f igure  also shows t h a t  b o t h  
f u n c t i o n s  of t he se  e n z y m e s  - t h e  load ing  of leucine on  
t R N A  a n d  t he  A T P - P P ,  e x c h a n g e  - possess t i le  s ame  
h e a t  s t ab i l i t y .  F igu re  2 r e p r e s e n t s  t h e  effect  of h e a t  o n  
t h e  m a x i m u m  a m o u n t  of Ieucine t h a t  c an  be  loaded  o n  
a l i m i t i n g  a m o u n t  of t R N A :  i t  c an  be  seen t h a t  those  
load ings  a re  a f fec ted  d i f f e ren t ly  b y  h e a t  w h e n  E. eoli or  
B. stearothermophilus t R N A ' s  a re  a l lowed to  r e a c t  w i t h  
t h e  t h e r m o s t a b l e  e n z y m e  f rom t h e  t h e r m o p h i l i c  bac te r i a .  
I n  t h e  f i r s t  case, t h e r e  is a d r o p  in  a m i n o  ac ;d  accep t ing  
a c t i v i t y  a t  60 °C whi le  t h i s  p h e n o m e n o n  on ly  occurs  a t  
65°C in  t h e  second case. F u r t h e r m o r e ,  a t  66.5°C, t h e  
B. stearothermophilus t R N A ' s  a c c e p t  9 5 %  of t h e  a m o u n t  
of leuc ine  loaded  a t  37 °C, whereas  t h i s  v a l u e  on ly  r eaches  
52% for  t h e  E. coli t R N A ' s .  T he  loss of a c t i v i t y  occurs  
w h e n  t h e  h y p e r c h r o m i c i t i e s  of t h e  u n f r a c t i o n a t e d  t R N A ' s  
a re  o n l y  2 or  3 % ;  a t  t h e  Tm of t h e  l a t t e r ,  t h e  res idua l  
a m i n o a c y l a t i o n  is a l m o s t  negl igible .  T h e  d i f fe rence  be-  

t w e e n  t h e  2 t R N A  species c an  st i l l  be  inc reased  w h e n  
t h i s  t i m e  t h e  effects  of h e a t  on  t h e  r a t e s  of t h e  l oad ing  
r eac t i ons  a re  inves t iga ted .  F i g u r e  3 shows  t h a t  in  s y s t e m s  
c o n t a i n i n g  t R N A ' s  f rom E. coli a n d  a c t i v a t i o n  e n z y m e s  
e i t h e r  f rom E. coli or  f rom B. stearothermophilus, t h e r e  
is a s h a r p  d rop  of t h e  in i t i a l  ve loc i t y  of t h e  a m i n o -  
a c y l a t i o n  reac t ion  a t  30°C. As t h e  e n z y m e  f rom E. coli 
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Fig, 1. Thermal stability of the ]eucyl-tRNA synthetases from E. 
coil: 0 - - 0 ,  loading of leucine on tRNA; 0 - - 0 ,  ATP-PP~ exchange; 
and from B. stearothermophilus: &--A, loading of leucine on tRNA; 
&--A, ATP-PP~ exchange. The enzymes were incubated in 0.01M 
Tris-HC1 buffer pH 7.4 containing 10 -s M reduced glutathione. 
Atiquots were taken at various time intervals, cooled at 0°C and 
assayed for enzyme activity at 37°C in the standard reaction 
mixtures. 
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