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SUMMARY: An e n z y m e  has  been  found and p a r t i a l l y  pu r i f i ed  f r o m  y e a s t  
which h y d r o l y z e s  N - a e e t y l p h e n y l a l a n y l - t R N A  and i s  d i f f e ren t  f r o m  the we l l -  
c h a r a c t e r i z e d  N - s u b s t i t u t e d  a m i n o a c y l - t R N A  h y d r o l a s e .  The  e n z y m e  sp l i t s  
the e s t e r  bond be t ween  N - a e e t y l p h e n y l a l a n i n e  and the 3 w - h y d r o x y l  g roup  of 
the t e r m i n a l  nuc leo t ide  in the tRNA. 

INTRODUCTION:  E n z y m e s  hyd ro lyz ing  both p e p t i d y l - t R N A s  and N - s u b s t i -  

tu ted  a m i n 0 a c y l - t R N A s  have  been  found in the c y t o p l a s m  of both p r o k a r y o t i c  

(1-4) and e u k a r y o t i e  (5-7)  c e i l s .  C o m m o n  c h a r a c t e r i s t i c s  to t he se  e n z y m e s  

a r e  t h e i r  low l e v e l s  of s p e c i f i c i t y  with r e s p e c t  to p a r t i c u l a r  amino  ac id s  (1) 

o r  pep t idy l  r e s i d u e s  (8) and t h e i r  inabi l i ty  to a t t a ck  unsubs t i t u t ed  a m i n o a c y l -  

tRNAs {1-3).  The  p r o d u c t s  of h y d r o l y s i s  a r e  the in tac t  tRNA m o l e c u l e  and 

the c o r r e s p o n d i n g  N - s u b s t i t u t e d  amino  ac id  o r  pept idyl  r e s i d u e .  An e n z y m e  

with t he se  c h a r a c t e r i s t i c s  ( N - s u b s t i t u t e d  a m i n o a c y l - t R N A  h y d r o l a s e )  was  de -  

t e c t ed  (5) and c r y s t a l l i z e d  (6) f r o m  y e a s t  e x t r a c t s .  We now r e p o r t  on the 

iden t i f i ca t ion  of a d i f f e ren t  e n z y m a t i c  ac t iv i ty  p r e s e n t  in y e a s t  which h y d r o -  

l yze s  N - a e e t y l p h e n y l a l a n y l - t R N A  m u c h  m o r e  e f f e c t i v e l y  than o t h e r  N - a c e t y l -  

a ted  a m i n o a c y l - t R N A s .  Th i s  e n z y m e  has  been  p a r t i a l l y  pu r i f i ed  and s e p a -  

r a t e d  f r o m  the p r e v i o u s  iden t i f i ed  h y d r o l a s e .  
f ~ 

M A T E R I A L S  AND METHODS:  U n i f o r m l y  l abe l ed  p4cJ L - a m i n o  ac ids  w e r e  

ob ta ined  f r o m  the R a d i o e h e m i e a l  C e n t e r  ( A m e r s h a m ,  England) .  Crude  y e a s t  

tRNA was  p u r c h a s e d  f r o m  B o e h r i n g e r .  The  c h a r g i n g  of tRNA with r a d i o -  

ac t ive  amino  ac id s  and the i s o l a t i o n  of the l 1 4 0 J a m i n o a c y l - t R N A s  was  done 

as described Acetylation of the [14CJaminoacy1-tRNA was performed 

us ing  a c e t i c  anhydr ide  (10). The  ex ten t  of a e e t y l a t i o n  was  c h e c k e d  by a lka l i  
n 1 

t r e a t m e n t  of the a c e t y l a t e d  [14C] a m i n o a c y l - t R N A  fo l lowed by p a p e r  c h r o -  

255 
Copyright © 1975 by Academic Press, Inc. 
All rights o f  reproduction reserved. 



Vol. 63, No. 1, 1975 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

matog raphy  (9). In all c a s e s  m o r e  than 95% ace ty la t ion  was ach ieved .  

P r e p a r a t i o n  of the yeas t  e x t r a c t s .  The s t r a i n  of yeas t  used  was the 

hybr id  S a c c h a r o m y c e s  f r aq i l i s  x S a c e h a r o m y c e s  dobzhanski i .  Cel ls  were  

grown as d e s c r i b e d  e l s e w h e r e  (9) co l l ec ted  at the middle  of l oga r i t hmic  

phase by cen t r i fuga t ion ,  washed th ree  t imes  with cold wate r  and s t o r e d  at 

-20 ° until u s e .  One par t  of yeas t  was ground in a cold m o r t a r  with two pa r t s  

of sand and the pas te  was suspended  in 1-2 vo lumes  of a cold buffer  con -  

taining 50 mM T r i s - H C l  pH 7, 10 mM 2 - m e r c a p t o e t h a n o l ,  and 10 mM m a g -  

nes ium ace t a t e .  The homogena te  was cen t r i fuged  in the cold at 10,000 xg 

for  10 rain. and the p rec ip i t a t e  was d i s c a r d e d .  The superna tan t  was c e n t r i -  

fuged at 105,000 xg in a Spineo  u l t r a cen t r i f uge  at 2-5  ° fo r  one and a half 

hour .  The supe rna t an t  a f t e r  this  cen t r i fuga t ion  was used  as s o u r c e  of enzyme  

and is  r e f e r r e d  to as  c rude  yeas t  soluble  f r ac t i on .  This  f r ac t ion  can be 

s t o r e d  at -70 °- fo r  s e v e r a l  days  without s igni f icant  loss  of ac t iv i ty .  

A s s a y  fo r  e n z y m a t i c  ac t iv i ty .  The a s s a y  mix tu re  (0.1 ml) conta ined ,  

un less  o the rwise  s t a t ed ,  the fol lowing components :  50 mM Imidazo l -HCl  pH 

6 .5 ,  2 .5  mM m a g n e s i u m  ace ta t e ,  2 .5  mM 2 - m e r c a p t o e t h a n o l ,  about 8 0 p g  

o f t R N A c h a r g e d w i t h S 0 p m o l e s o f N - a c e t y l  [ 1 4 C ] a m i n o a e i d s  ( s p e c i f i c a c t i v  - 

ity 140 )~C/pmol) and the amount  of enzyme  indicated  in each  c a s e .  The r e -  

act ion m i x t u r e s  were  incuba ted  at 30 ° fo r  the indica ted  pe r iods  of t ime .  At 

the end of the incubat ion the r e a c t i o n  was s topped by addit ion of 3 ml of 5 pe r  

cent cold t r i c h l o r o a c e t i c  ac id .  The mix tu re s  were  kept at 0 -° fo r  10 rain, 

and f i l t e r ed  through g la s s  f ibe r  pape r  (Whatman GF/C) ;  the f i l t e r s  were  

washed th ree  t imes  with 3 ml each t ime of 5 pe r  cent cold t r i c h l o r o a c e t i c  

acid and the r ad ioac t iv i ty  r ema in ing  in the f i l t e r s  was counted in a liquid 

sc in t i l l a t ion  s p e c t r o m e t e r .  Con t ro l s  without added enzyme  were  r u n i n  para l l e l  

to e s t i m a t e  the spontaneous  h y d r o l y s i s  of the s u b s t r a t e .  

P r o t e i n s  were  d e t e r m i n e d  by the method of Lowry  et al (11). 

R E S U L T S  AND DISCUSSION:  The h y d r o l y s i s  of d i f ferent  N-subs t i tu ted  a -  

m i n o a c y l - t R N A s  by a c rude  yeas t  so luble  f r ac t ion  is shown in Fig  1. The 

r a t e s  of h y d r o l y s i s  of N - a c e t y l v a l y l - t R N A  and N - a c e t y l l e u e y l - t R N A  a re  s i m -  

i l a r  and c lose  to those  p r ev ious ly  r e p o r t e d  as  being due to the yeas t  N - s u b -  

s t i tu ted a m i n o a e y l - t R N A  h y d r o l a s e  (6). However  N-ace ty lpheny l a l any l - tRNA 

is h y d r o l y z e d  at much h igher  r a t e s  (10 to 50 t imes  h igher ,  depending on the 
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Fig i. H y d r o l y s i s  of N-ace ty l  [ 1 4 4  a m i n o a c y l - t R N A s  by the yeas t  so luble  
f r a c t i on .  Reac t ions  we re  c a r r i e d  odt as  d e s c r i b e d  in Mfiez~hgds us ing 10 511 of 
yeas t  so luble  f r a c t i o n  (35. r~ag p r o t e i n / m l ) .  N - a c e t y l - [  C] - pJa~nylalanyl-  
tRNA (®--e ) ;  N - a c e t y l - [ ± ~ C ]  va ly l - tRNA ( o - - o ) ;  N - a c e t y l - [ i 4 C ] l e u e y l - t R N A  
( x - - x ) .  

Fig 2. F r a c t i o n a t i o n  of the yeas t  h y d r o l a s e s  on D E A E - S e p h a d e x  A-50 
co lumn.  A co lumn of D E A E - S e p h a d e x  A-50 (2 .5  x 14 em) was e q u i l i b r a -  
ted with 50 mM T r i s - H C l ,  pH 7 conta in ing  10 mM 2 - m e r c a p t o e t h a n o l  
and 10 mM m a g n e s i u m  a c e t a t e .  The co lumn was loaded with 15 ml of 
c rude  yeas t  so luble  f r a c t i o n  (33 mg p r o t e i n / m l ) ,  washed  with 65 ml of  
the equ i l ib ra t ion  buf fe r ,  and e lu ted  with a l i n e a r  g rad ien t  of 0 .1  M - 0 . 4  M 
Tr i s -HC1  pH 7 conta in ing  10 mM 2 - m e r e a p t o e t h a n o l  and 10 mM m a g n e s i -  
um ace t a t e  (total bu f fe r  500 ml) .  The flow r a t e  was ad jus ted  to 0 . 5  ml 
pe r  min .  and f r a c t i o n s  of 6 ml we re  co l l ec t ed .Ac t iv i t y  in the fra~Lonst ~ 
was d e t e r m i n e d  in 10 pl  o r  50 pl  a l iquo tz .us ing  e i t h e r  N-ace ty l  - [  CJ 
pheny la lany l - tRNA ( . - - e )  o r  N-ace ty l  [14C] v a l y l -  tRNA ( o - - o )  r e s p e c t i v e -  
ly as  s u b s t r a t e s .  

d i f f e ren t  e x t r a c t s ) .  This  fac t  c o n t r a s t s  with the appa ren t  low spec i f i c i t y  of 

the yeas t  N- subs t i t u t ed  aminoacy l - tRNA h y d r o l a s e  towards  p a r t i c u l a r  a m i -  

no ac ids  r e s i d u e s  (6) and sugges t ed  the ex i s t en ce  in yeas t  of a d i f fe ren t  en -  

z ym a t i c  ac t iv i ty  act ing p r e f e r e n t i a l l y  on N - a c e t y l p h e n y l a l a n y l - t R N A .  In a 

s e a r c h  f o r  this  ac t iv i ty  we used  the s a m e  yeas t  s t r a i n  and fo l lowed the f i r s t  

s t eps  of pu r i f i ca t ion  iden t ica l  to those  d e s c r i b e d  fo r  the c r y s t a l l i z a t i o n  of the 

yeas t  N- subs t i t u t ed  a m i n o a c y l - t R N A  h y d r o l a s e ,  which b a s i ca l l y  involve  
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TABLE I 

S e p a r a t i o n  of yeas t  h y d r o l a s e s  by f r ac t iona t ion  with a m m o n i m  sul fa te  

Volume P r o t e i n s  Act iv i ty  
{ml) {mg/ml)  p m o l e s / m g  p r o t e i n / 1 0  min 

N - a c e t y l -  N - a e e t y l -  

~4C_] P h e - tRN A  ~4CI Val - t  RNA 

Crude soluble  f r a c t i o n  15 33 150 4.5 

D E A E - S e p h a d e x  A-50 ,  then 
0-60~0 (NH4) 2 SO 4 p r e c i p i t a t e  5 7 .7  14 34 

60-80~o (NH4) 2 SO 4 p r e c i p i t a t e  5 4 . 8  1300 0 

A c rude  so luble  f r a c t i on  was c h r o m a t o g r a p h e d  on D E A E - S e p h a d e x  A-50 as  in -  
d ica ted  in F ig  2.  The pooled f r a c t i o n s  {120 ml) ,eonta in ing  both a c t i v i t i e s , w e r e  
f r a c t i ona t e d  by adding sol id  ammon ium sul fa te  to r e a c h  the p e r c e n t a g e s  of s a t -  
u ra t ion  ind ica ted .  The p r e c i p i t a t e s  we re  d i s so lved  in 5 ml of a buf fer  c o n -  
taining 10 mM Tr i s -HC1  pH 7, 10 mM potas ium c h l o r i d e ,  10 mM 2 - m e r c a p -  
toethanol  and 5 mM m a g n e s i u m  a c e t a t e .  Act iv i ty  was d e t e r m i n e d  as  spec i f i ed  
in Methods .  

c h r o m a t o g r a p h y  on D E A E - S e p h a d e x  and f r ac t iona t ion  with am m o n iu m  sul fa te  

(6). The only d i f f e r ence  was that at each  s tep  dur ing the p r o c e s s  of p u r i f i -  

ca t ion ,  the f r a c t i o n s  were  ana lyzed  fo r  hydro ly t i c  ac t iv i t i e s  us ing two sub-  

s t r a t e s :  N - a c e t y l [ 1 4 c l v a l y l - t R N A ( t h e ° n e r ° u t i n e l y u s e d i n t h e p u r i f i c a t i o n  [ 1 

of the N-subs t i tu t ed  aminoacy l - tRNA hydro lase )  and N-ace ty l [14C]phenyla lany l  , 

tRNA. 

F ig  2 shows the elut ion p rof i l e  of the ac t iv i t i e s  of a c r u d e  yeas t  

p r e p a r a t i o n  a f t e r  c h r o m a t o g r a p h y  on D E A E - S e p h a d e x .  In l ine with the r e s u l t s  in 

Fig  1, the to ta l  ac t iv i ty  on N-ace ty lpheny la l any l - tRNA is  much g r e a t e r  than 

that on N - a c e t y l v a l y l - t R N A .  M o r e o v e r ,  the peaks  of ac t iv i t i e s  on these  two 

s u b s t r a t e s  a r e  not co inc iden t .  S o m e  f r a c t i o n s  (40 to 45) which e f fec t ive ly  h y -  
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Fig 3. H y d r o l y s i s  of N - a c e t y l - [  ][14C]phenglglanyl-tRNA with pu r i f i ed  hy-  
d r o l a s e  and r e c h a r g i n g  of the tRNA with [ l~C]phenyla lan ine .  Reac t ion  
m i x t u r e s  containing:  50 mM Imidazo l  pH 6 .5 ,  1 miVL2-mercap toe thano l ,  
1 mM m a g n e s i u m  a c e t a t e ,  70 pmo le s  of N -ace ty l  -[±'~C] pheny la l any l -  
tRNA (21 , 000cpm,  sp .  ac t .  140 ]aC/)~mol)  with ( I - - i )  o r  without (zX__Zx) 
h y d r o l a s e  p r e p a r a t i o n  (20 jal of the 60-80% a m m o n i u m  su l fa te  f r a c t i o n  
of Tab le  I) w e r e  incuba ted  at 30 °-. Af te r  20 rain incubat ion ,  50 j~l of a 

~ xtu re  conta in ing  20 mM A T P ,  100 mM m a g n e s i u m  a c e t a t e ,  0 . 1 5  mM 
C] phenyla lan ine  (Sp.  ac t iv i ty  116 pO/Mmol) and 20 p l  of c r u d e  yeas t  

so luble  f r a c t i o n  (p rev ious ly  p a s s e d  through Sephadex  G-25) as  s o u r c e  of 
pheny la lany l - tRNA syn the t a se  we re  added and the incubat ion  was con t in -  
ued .  At the t ime  ind ica ted  acid inso lub le  counts  w e re  d e t e r m i n e d  as  in -  
d ica ted  in Methods .  Con t ro l s  with on equal  amount  ofn~teacylated yeas t  
tRNA (2 .6  A,~r_,~ units)  ( o - - o )  in s t ead  of N-ace ty l  [~ "C] pheny la l any l -  

/ , o u  r L m  . . . 
tRNA were run in parallel in reactlons mixtures containing the same 
amount of hydrolase preparation. 

d ro lyz e  N - a c e t y l p h e n y l a l a n y l - t R N A  have v e r y  low or  no de tec tab le  ac t iv i ty  on 

N - a c e t y l v a l y l - t R N A .  T h e s e  r e s u l t s  c o n t r a s t  with the appa ren t  equal  e f fec t iv i ty  

of the yeas t  N- subs t i t u t ed  a m i n o a c y l - t R N A  h y d r o l a s e  to a t tack  e i t h e r  of these  

two s u b s t r a t e s  (6). 

F u r t h e r  s e p a r a t i o n  of the e n z y m e  act ing p r e f e r e n t i a l l y  on N - a c e t y l -  

pheny la lany l - tRNA f r o m  the h y d r o l a s e  p r e v i o u s l y  r e p o r t e d  (6) can be ach ieved  

by f r a c t i o n a t i o n  of the pooled  f r a c t i o n s  f r o m  the D E A E - S e p h a d e x  c h r o m a t o -  

g r a p h y ,  conta in ing  both a c t i v i t i e s ,  with a m m o n i u m  su l f a t e .  The r e s u l t s  in 

Table  I show that as  r e p o r t e d  (6) the N-subs t i t u t ed  a m i n o a e y l - t R N A  h y d r o -  
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lase prec ip i ta tes  with 60% saturat ion of ammonium sulfate .  In the 60-80% 

ammonium sulfate precipi ta te  there  is the hydrolyt ic  activity ve ry  active on 

N-acetylphenylalanyl-tRNA but which does not hydrolyze N-ace ty lva ly l -  

tRNA to any appreciable  extent .  P r e l i m i n a r y  exper iments  have shown that 

this f rac t ion nei ther  hydrolyzes  phenylalanyl-tRNA nor the N-aoetylated 

der ivat ives  of leucyl_ and methionyl- tRNAs.  A study on the specif ic i ty  of 

this enzyme is now in p r o g r e s s .  

The react ion catalyzed by this enzyme involves the cleavage of the 

e s t e r  bond between N-acetylphenylalanine and the 31-hydroxyl group of the 

3 f terminal  nucleotide in the tRNA. This has been demonst ra ted  by r e c h a r g -  

ing the deacylated N-acetylphenylalanyl- tRNA, by the action of the hydrolase,  

with r _[14C j phenylalanine (Fig. 3). As it is shown in the Figure  the tRNA 

could be completely r echa rged .  The excces  of charging over  the input counts 

is presumably  due to the f r ee  tRNA specif ic  for  phenylalanine contaminating 

the prepara t ions  of N-acetylphenylalanyl- tRNA. 

The role  of this enzyme in the cel l ,  although sti l l  unknown, might be 

re la ted  in someway with the initiation of protein biosynthesis .  In this respect  

it is important  to note that N-aeetylphenylalanyl- tRNA acts  as analogue of 

the N-formylmethionyl- tRNA F and is recognized by the prokaryot ic  i n i t i a -  

tim fac tor  IF 2 or  its equivalent in eukaryot ic  cel ls  (12 ,J 13). 
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