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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 .  

E.  KVASNI~KOV/~, K. LEJSEK 
a n d  I. M. HAIS 

Department o/Chemistry and Biochemistry, 
Faculty of Medicine, Charles University, 
Hradec Krdlovd (Czechoslovakia), 28 May 1970. 

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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The effect of heat on the protecting capacities of E. coli tRNA and 
A TP + leucine. Enzyme: E. coli leucyl-tRNA synthetase in 0.01 M 
Tris-HC1 buffer pH7.4 containing 0.01M MgCI2 and 0.001M 
reduced glutathione 

Temperature kp kNp 
(°C) (tRNA 1 mg/mt) (ATP 4 x 10-SM 

+ leueine 1.2 × 10-3M) 

48 0 0 
50 0.57 0.02 
53 0.70 0.12 

kp and kNp are the first order rate constants of the thermal denatura- 
tion of the protected and unprotected enzymes respectively. When 
the protected enzyme is stable at a given temperature, the ratio is 
equal to 0; when the protected enzyme has the same thermal 
stability as the unprotected enzyme (loss of protecting capacity of 
the substrates), the ratio is equal to 1. 
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Fig. 2. Effects of heat on the maximum loading of leucine on 
limiting amounts of tRNA (200 [xg/ml). The reaction mixtures were 
preheated for 5 rain at the temperatures indicated; excess B. stearo- 
thermophilus enzyme was then added and the reaction was stopped 
10 min later, after the equilibrium had been reached. ©--©, E. coil 
tRNA; A--A,  B. stearotkermophilus LRNA; --,  crude E. coli tRNA 
melting curve in the reaction mixture; - - - ,  crude B. stearothermo- 
philus tRNA melting curve in the reaction system. 
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Fig. 3. Effects of heat on the initial velocity of the loading of 
leucine on tRNA. 0--©,  E. coli homologous system; A--A ,  B. stea- 
rothermophilus homologous system; []--[],  system containing E. coli 
tRNA and B. stearothermophilus leucyl-tRNA synthetase; @--@, 
ATP-PPt exchange catalyzed by the E. coli leucyl-t RNA synthetase; 
--, E. coli tRNAleu'S melting curve in the reaction mixture; - - - ,  B. 
stearothermophilus tRNA'leuS melting curve in the reaction mixture. 

ca ta lyzes  no rma l ly  the  ATP-PP~ exchange  up to  40 °C, 
and  the  e n z y m e  f rom B stsarothermophilus up to  55 °C 3, 
it  seems unl ikely t h a t  t he  p h e n o m e n o n  would  be due to  
en zy me  dena tu ra t ion ,  especial ly  if we r e m e m b e r  t h a t  in 
b o t h  sys tems ,  as men t ioned  above,  t h e  A T P - P P ,  exchange  
and  loading of leucine on t R N A  h a v e  the  s ame  t h e r m a l  
s tabi l i ty .  I t  can  be seen f rom Figure  3 also t h a t  a com-  
pa rab le  change  of the  ini t ial  ve loc i ty  occurs  in t h e  
homologous  s y s t em f rom B. stearothermophilus, b u t  a t  
a t e m p e r a t u r e  as h igh  as 55 °C. This  h igher  t e m p e r a t u r e  
of t r ans i t ion  can  be r e l a t ed  to  t h e  h igh  t h e r m a l  s t ab i l i ty  
of t he  tRNAzeu 's  f rom B.  stearothermophilus t h a t  we 
repor ted  previous ly  ~. On t h e  o t h e r  hand ,  t he  Table  
shows t h a t  t he  l eucy I - tRNA s y n t h e t a s e  f rom E coli can  
be p ro t ec t ed  aga ins t  t h e r m a l  d e n a t u r a t i o n  by  the  pres-  
ence of E. coli t R N A  (1 mg/ml)  in t he  incuba t ion  mix ture .  
This  p ro t ec t i on  is specific since r ab b i t  re t icu locytes  
t R N A ' s  - wh ich  are  no t  ' recognized '  by  the  leucyl - t l~NA 
s y n t h e t a s e  f rom E. coli ~ - are ineff icient .  

I t  is obse rved  t h a t  a l i t t le  increase in t e m p e r a t u r e  
m a r k e d l y  affects  t he  p ro tec t ive  effect  of t R N A ;  as th is  
p h e n o m e n o n  a lmos t  does no t  occur when  the  e n z y m e  is 
p r o t e c t e d  by  the  subs t r a t e s  of the  ac t i va t i on  reac t ion  
(ATP and  leucine), i t  m a y  be conc luded  t h a t  t h e  p r i m a r y  
effect  of h e a t  is to  a l te r  t he  p ro t ec t i ng  capac i ty  of t h e  
subs t r a t e  ( tRNA) r a t h e r  t h a n  the  t R N A  recogni t ion  si te 
on t h e  enzyme,  since the  2 func t ions  of t he  e n z y m e  
possess t h e  same t h e r m a l  s t ab i l i ty  and  since ne i the r  A T P  
nor  leucine are  sub jec t  to  changes  a t  t he se  t e m p e r a t u r e s .  

The  resul ts  p r e sen t ed  in th i s  s t u d y  sugges t  t h a t  t R N A  
s t ruc tu re  is of cap i ta l  i m p o r t a n c e  in o rde r  t o  al low effi- 
c ient  e n z y m e - t R N A  in terac t ions .  F u r t h e r m o r e ,  t he  abi l i ty  
of t R N A  to be recognized by  the  cogna te  a c t i v a t i o n  
enzymes  can be a l tered  by  hea t  even before any  i m p o r t a n t  
loss of t R N A  secondary  or secondary  plus  t e r t i a ry  (folding 
of t he  clover- leaf  s t ruc tu re  - see LEVITT 7) s t ruc ture .  
S imi lar  resul ts  were ob ta ined  w i t h  o the r  s y s t ems  s,9 in 
which  the  t e r t i a ry  s t ruc tu re  has  been shown  to  me l t  

Set 
before t he  secondary  s t ruc tu re  (tRNAyeast) or coopera-  

phe t ive ly  wi th  i t  (tRNAyeast); in these  cases also, the re  is 
a sha rp  d rop  in biological  a c t i v i t y  co r respond ing  to  
t e m p e r a t u r e s  a t  wh ich  v e r y  l i t t le  h y p e r c h r o m i e i t y  could 
be observed .  I t  is t hus  clear  t h a t  minor  modi f i ca t ion  of 
t he  t R N A  t r id imens iona l  s t ruc tu re  are  suff ic ient  to  
h inde r  ac t iva t ion  enzymes  - t R N A  in terac t ions .  

Rdsumd. La  cha leur  af fec te  cons id6rab lement  l ' ac t iv i t6  
accept r ice  d ' ac ide  amin6  des t R N A  k des t e m p 6 r a t u r e s  
auxquel les  leur s t r uc tu r e  spa t ia le  est  trSs peu modifi6e. 
L 'u t i l i sa t ion  d ' u n  en zy me  t h e r m o s t a b l e  p e r m e t  de sug- 
g6rer que  la pe r t e  d ' ac t iv i t6  b iologique des t R N A  es t  
li6e h de min imes  modi f ica t ions  de leur s t ruc tu re  spat ia le .  
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