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" ] - s t a b l i s h e d  I n v e s t i g ; t t o r  of  the A m e r i c a n  l h ' a r t  I n s t i t u t e .  

The possible role of the ribonucleic acid (RNA)  of the pH 5 enzyme in 
amino acid activation 

Recen t ly .  HOAGLAND 1, a n d  ItOAGLANI), KELLER ANI) ZAMECNIK z d i s c o v e r e d  a n  e n z y m e  ( the  p I [  5 
e n z y m e )  m t h e  s o l u b l e  f r a c t i o n  of  r a t  l iver ,  w h i c h  c a t a l v s e d ,  t h e  a c t i v a t i o n  of  s e v e r a l  a m i n o  a c i d s .  
T h e y  a f u r t h e r  s u c c e e d e d  in l ) r e p a r i n g  a ce l l - f r ee  s y s t e m  f r o m  r a t  l iver ,  w h i c h  c o n t a i n e d  m i c r o s o m e s  
a n d  t h e  p H  5 e n z y m e  a n d  g a v e  a c t i v e  i n c o r p o r a t i o n  of l W - a m i m )  a c i d s  i n t o  t h e  m i c r o s o m c  p r o t e i n .  
In  t h e s e  r e p o r t s  a,'l, I h e y  e m p h a s i z e d  t h e  ro le  of  t h e  i n i c r o s o m e  R N A  in t h e  p r o t e i n  s y n t h e s i s  
b y  t h i s  e n z y m e  s y s t e m  b u t  t h e y  m a d e  n o  r e f e r e n c e  t o  t h a t  of  t h e  R N : \  in t h e  so l t lb le  f r a c t i o n .  
T h e  p r e s e n t  c o m m u n i c a t i m l  ( teals  w i t h  t h e  p o s s i b l e  ro le  o f  t i le  R N A  c)f t h e  p i t  .5 e n z y m e  in a m i n o  
a c i d  a c t i v a t i o n ,  a n d  t h e  p ( ) ss ib i l i ty  ()( c o m p l e x  f o r m a t i o n  b e t w e e n  t h i s  RN.-\  a n d  a m i n o  a c i d  is 
a l so  d i s c u s s e d  

T h e  p H  5 e n z y m e ,  p r e p a r e d  f r o m  y o u n g  r a b b i t  l ive r  a c c o r d i n g  to  t h e  m e t h o d  of  t{OAGLANI) 
el al .  ~. w a s  i n c u b a t e d  w i t h  1 o o / t g  c r y s t a l l i n e  R N a s e  ( \ V o r t h i n g t o n  Pli(~chem. Corp . )  p e r  m l  a t  37 
for  3 ° r a in  ( p H  - 7.8).  I t s  p H  w a s  t h e n  a d j u s t e d  to  5.1 w i t h  d i l u t e  a c e t i c  a c i d ,  t h e  p r e c i p i t a t e  
w a s  w a s h e d  w i t h  a c e t a t e  b u f f e r  a n d  t h e n  d i s s o l v e d  in o . i . l /  t r i s - b u f f e r ,  p H  7 . 8 . . k s  a c o n t r o l ,  
t h e  s a m e  a m o u n t  o f  t h e  p H  5 e n z y m e  w a s  u s e d ,  w h i c h  w a s  t r e a t e d  in t h e  s i m i l a r  m a n n e r  b u t  
w i t h o u t  R X a s e .  T h e  a m i n o - h y d r o x a m a t e  f o r m a t i o n  w a s  m e a s u r e d  l) 3' t h e  p r o c e d u r e  of HOAGLANI) 
ct a l / ,  u s i n g  a c e t o h v d r o x a m a t e  as  a s t a n d a r d .  

.ks s h o w n  m "l"able l, w h e n  t h e  p t l  5 e n z y m e  p i ' e . t r ea ted  w i t h  R N a s e  w a s  i n c u b a t e d  w i t h  
.VI 'P a n d  t h e  a l l l i i lo  a c i d  i n i x t u r e ,  t h e  a m o u n t  o f  t h e  h v d r o x a m a t e  f o r m e d  l)v t h e  a m i n o  a c i d s  
w a s  d e c r e a s e d ,  a s  c o m p a r e d  w i t h  t h a t  in t h e  c o n t r o l  e x p e r i m e n t .  T h e  r e s u l t s  s u g g e s t e d  t h a t  t h e  
R N A  of  t h e  p H  5 e n z v m e  m i g h t  p a r t i c i p a t e  in t h e  m e c h a n i s m  of  a m i n o  a c i d  a c t i v a t i o n .  R e c e n t l y  
HOlA.I.:Y 6 r ( ' p o r t e d  t h a t  t h e  p H  5 e n z y m e  b r o u g h t  a b o u t  t h e  c o n v e r s i o n  of r a d i o a c t i v e  . \ M P  i n t o  
.\'1"1', w h i c h  o c c u r r e d  ()nix" in t h e  p r e s e n c e  o f  l . - a l a n i n e  a n d  f u r t h e r  t h a t  t h i s  c o n v e r s i o n  w a s  
i n h i b i t e d  b y  R N a s e .  

"1".\ I~l. l t  I 

TIlE FFFECT OF I{NASI.: ON AMINO HYI)ROXAMATE FORMATION BY "l'lll'~ p l t  .5 ENZYME 

l -nzyme pre-trl'aled a lthoul l¢.\'axr E~tzvm¢" pre-l~t'ated u tth R.\'as¢ 

Ilvdrotamate /ormed //,moles per flask) flvdro~amalr It, treed {ltmoles per flask) h'clatir¢ 
I-~pt. - -  . . . . . . . . . . . . . . . .  RNA content 

No. With I|'tthout IVzth II'~thout o / the  enzyme 
amino acid amino acid l)l//zrencc ¢tmino acid amino acid ])l:jercn~c: (C~o it 

mixture mixture mixture raid.lure control t,alueJ 

31 o. 10 o .05  O. I I 0.0() 0 .o  I o .o  5 5o 
~A o. 21 (3.07 O. I 4 0-07  0"04 0 .0~ 52 
33 O. 1.5 0.01 O. I 4 0 . 0 7  0"03 0"04 .~3 

M e a n  v a l u e  o. 17 o .04  o. 13 o .07  0-03  0 .04  .52 

I n c u b a t i o n  a t  37 for  1 h. T h e  s a m e  r e a c t i o l l  m i x t u r e  wa.~ u s e d  a s  t h a t  c~f ~-tOAGLA.~I) e/ al.'-'. 
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T A B L E  II 

14C-ACTIVITY OF THE VARIOUS FRACTIONS OF THE p H  5 ENZYME AFTER THE INCUBATION OF THE 
ENZYME WITH 14C-ALANINE* 

Expt. 
No. 

t'C-activity (division'min;mg dry w¢'ight) 

Pr.RNA * * Pet* * Pr I *" RNA t" * RNA, * * RNA s * * 

42 with ATP  0.079 O.OLO o.ot 3 o.oi 5 o.o~ 3 
wi thou t  ATP  0.009 o.oro 

43 with ATP  0.o7o o.oo 7 o.oi2 o.oi  3 o.oI 4 o .o i2  
w i thou t  ATP  o.o16 0.005 O.OLO 

Incuba t i on  a t  37 ° for i h. 
* DL-alanine-l-14C (0.75/*curie/ml = 367 d iv is ion /min  wi th  tile Laur i t sen  electroscope).  

"" See the  tex t .  

Af te r  the  incuba t ion  of the  p H  5 e n z y m e  with 14C-alanine, ATP,  and  the  a m i n o  acid m i x t u r e  
(excluding a lan ine  f rom t he  comple te  twelve ami no  acids  mix ture) ,  t he  e n z y m e  was prec ip i ta ted  
a t  p H  5, washed  8 - i o  t imes  with di lu te  ace ta te  buffer  (pH 5) unt i l  t he  wash ings  conta ined  no 
rad ioac t iv i ty ,  and  t hen  t he  rad ioac t iv i ty  of the  prec ip i ta te  was measured .  I t  was found t h a t  
14C-activity r emained  behind in th is  washed  protein  fract ion con ta in ing  R N A  ( P r - R N A  fraction) 
and  it  r ema ined  u n c h a n g e d  even af ter  dialysis  aga ins t  cold i~C-alanine solut ion.  The  t4C-activi ty 
of the  P r - R N A  fract ion in the  zero t i m e  control  e x p e r i m e n t  was negligible and  the  incorpora t ion 
of 14C-alanine into t he  protein  (Prl) of the  p H  5 e n z y m e  was vet  3, sl ight.  P r  1 was prepared  by 
wash ing  the  pH  5 e n z y m e  repea ted ly  with cold and  ho t  t r ichloroacet ic  acids,  e thanol ,  e thanol -  
e the r  mix tu re ,  and  ch lo ro fo rm-methano l  mix tu re .  The  omiss ion of A T P  f rom the  comple te  sy s t em 
resul ted  in a m a r k e d  depress ion of the  specific ac t iv i ty  of P r - R N A  fraction,  as shown  in Table  I[.  
I t  is suggested ,  therefore,  t h a t  14C-alanine m a y  be bound  to the  p H  5 enzyme  wi thou t  incorpo- 
ra t ion into pep t ide  bond  af ter  the  incuba t ion  with the  a m i n o  acid m i x t u r e  and  ATP.  

F u r t h e r  f rac t iona t ion  of the  14C-labeled p H  5 enzyme  was u n d e r t a k e n  af te r  the  addi t ion  of 
carrier yea s t  nucleic acid according to the  modified m e t h o d  of VOLKIN ANn CARTER 6. 

I t  was  found  t h a t  14C-activity was bound  to the  R N A  fraction (RNA1), and  the  specific 
ac t iv i ty  of R N A  1 did no t  change  af ter  the  purif icat ion with e thanol  was twice repea ted  (RNA, ,  
RNA3). On  the  con t ra ry ,  t he  specific ac t iv i ty  of the  prote in  fract ion (Pr2) a f te r  ex t rac t ion  of 
t he  R N A  from the  P r - R N A  fract ion was  very  low, compared  wi th  t h a t  of t he  P r - R N A  fraction.  
So it m a y  be reasonable  to conclude  t h a t  the  R N A  of the  p H  5 e n z y m e  is the  site of the  complex  
fo rma t ion  wi th  a m i n o  acid. 

Recen t ly  by a large-scale e x p e r i m e n t  us ing the  s ame  s y s t e m  wi thou t  the  addi t ion  of carrier  
RNA,  i t  has  been d e m o n s t r a t e d  t h a t  14C-activity/mg R N A  is ma rked ly  h igher  t h a n  t h a t  of t he  
P r - R N A  fract ion.  

These  resul ts  were presen ted  a t  the  S y m p o s i u m  on "B iosyn thes i s  of Prote in  and  E n z y m e s "  
a t  the  29th a n n u a l  mee t ing  of t he  J apanese  Biochemical  Society held in F u k u o k a  on Octol~er 31, 
1956. 

A d d e n d u m .  \Vhen th is  no te  was submi t t ed ,  the  s imilar  resul ts  (using leucine) repor ted by  HOAG- 
LAND et al. in the  April issue of th is  jou rna l  (B ioch im .  B i o p h y s .  Ac ta ,  24 (1957) 2i5) were no t  
avai lable  to the  au thors .  
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