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Heterologous mischarging as a means of tRNA fractionation. 
II. Isolation oflE. coli tRNAIVal and tRNAIAIa 

Gloria Le6n, N. Ruiz, L. Meza and  M. Krauskopf  ~ 
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Summary. High ly  purif ied E. coli t lRNAlWl and tRNA1AI~ have  been  isolated,  based on the  proper t ies  of he tero-  
aminoacy la t ed  t R N A s  and  the i r  behav iour  on BD-cellulose c h r o m a t o g r a p h y .  

I t  is k n o w n  t h a t  Neurospora  crassa and  yeas t  pheny l -  
a l a n y l - t R N A  syn the t a se  (PRS) can charge phenyla lan ine  
to  several  E.  coli t R N A  species 2-~. We  have  repor ted  
prev ious ly  t h a t  E. coli tRNAlW* hetero logous ly  mis- 
charged  wi th  pheny la lan ine  showed ch roma tog raph ic  
p roper t i e s  on BD-cellulose which  were a t t r i b u t e d  to  the  
h y d r o p h o b i c  na tu r e  of t he  amino  acid and  t h a t  t he  
observed  behav iour  could be used as a means  for t R N A  
pur i f ica t ion  s. To prove  t h a t  t he  mischarg ing  reac t ion  can 
be used to  pur i fy  o the r  t R N A  species, which  also undergo  
pheny la lan ine  es ter i f ica t ion wi th  an heterologous  enzyme,  
we have  ex t ended  our  work  to  isolate E. coli tRNAlal~ .  
We  p re sen t  here a combined  p rocedure  which  resul ts  in 
the  isolat ion of E. coli tRNAzAla and  tRNAzWl  
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Fig. 1. Chromatography of E. coli tRNA enriched in tRNAlWl and 
tRNA1AI" on Plaskon. A sample of 1096 A260 units of the enriched 
tRNA was eluted from a 0.9 • 90 cm column with a gradient as in- 
dicated. Fractions Were analyzed for homologous amino acceptance 
activity. [Z--[:] valine; A--A alanine. 

Materials and methods. 14C Valine (50 mCi/mM), 14C Phe-  
nyla lan ine  (45.6 mCi/mM), ~H Pheny la l an ine  (99.4 mCi/  
raM) and  1'C Alanine  (38.7 mCi/mM) were p roduc t s  f rom 
Amersham/Sea r l e .  B e n z o y l a t e d - D E A E  cellulose Lo t  
Y-2495 and  un f rac t iona t ed  E. coli B t R N A  were ob ta ined  
f rom Schwarz /Mann.  The mate r i a l  for P laskon  ch romatog-  
r a p h y  (RPC-5) was a generous  gift  f rom Dr  M. A. Q. 
Siddiqui.  
Assays  for E.  coli homologous  amino  acid ac t iv i ty  were 
carr ied out  in 0.1 ml reac t ion  mix tu re  conta in ing  100 mM 
Tris-HC1 buffer  p H  7.5, 10 mlV[ MgCI~, 10 mM KC1, 
10 mM fl-Mercaptoethanol ,  2 mM ATP,  0.02 mM of 
labeled amino acid, t R N A  and  ac t iva t ing  enzymes  ~, as 
descr ibed before.  Hetero logous  aminoacy la t ion  was per-  
fo rmed according to  S t r ick land  and  Jacobson  s. The 
assays were carr ied out  in 0.1 ml  reac t ion  mix tu re s  con- 
ta in ing  50 mM po tass ium cacodyla te  buffer,  p H  6.3, 
7.5 mM Mg(OAc)2, 0.5 mN[ ATP,  0.025 mM zH or 1'C Phe  
and  E. coli t R N A .  The mix tu re s  were i ncuba ted  a t  25 ~ 
for 20 min  using par t i a l ly  pur i f ied N. crassa P R S  ~ in  
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Purification of E. coli tRNAzV~I and tRNA,A~ 

tRNAlw' 
A2~ o Specific Purification Yield** 
units activity* factor 

tRNAzA1= 
A~s 0 Specific Purification Yield** 
units activity* factor 

Crude tRNA 3600 54.4 1 100 
Pool after 1st 1102 164 3 92.3 
BD-cellulosc (pool I) 

Pools after RPC-5 
Fractions: 118-206 (pool II) 473.4 276 5.1 66.7 
Fractions: 220-265 (pool III) . . . .  

Pool II after 2nd 41 1368 25.1 28.6 
BD-cellulose 

Pool III after 2nd - - - 
BD-eellulose 

3600 
1102 

131.7 

29.2 1 100 
88 3 92.3 

40O 13.7 50.1 

25 1301 44.6 30.9 

* Specific activity is expressed as pmoles of amino acid accepted per A26 o units of tRNA; ** Expressed in terms of the pmoles recovered. 
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s a t u r a t i n g  a m o u n t  6. La rge  scale he te ro logous  mi scha rg ing  
of en r i ched  tRNAlVa l  a n d  tRNAIAIa was done  b y  scal ing 
up  t he  s t a n d a r d  as say  sys tems .  The  p r o d u c t s  were iso- 
l a t ed  b y  e t h a n o l  p r e c i p i t a t i o n  a f te r  a p h e n o l  e x t r a c t i o n  
a n d  c h r o m a t o g r a p h y  of a c o m b i n e d  silicic acid S e p h a d e x  
G-25 co lumn% R a d i o a c t i v i t y  m e a s u r e m e n t s  of t he  col- 
u m n  f rac t ions  were p e r f o r m e d  us ing  a T r i t o n  X-To luene -  
sc in t i l l a t ion  mix tu re .  
Results and discussion. I n  o rder  to  isola te  a n  enr iched  
f r ac t ion  of E. coli t R N A  c o n t a i n i n g  t he  t R N A ~  w l  a n d  
tRNA1A~ species f rom o t h e r  va l ine  and  a lan ine  i soaccep tor  
t R N A s ,  as well  as f rom t R N A  Pne species w h i c h  are able  
to  be  m i s c h a r g e d  w i t h  P R S  f rom N. crassa% a BD-cel-  
lulose c o l u m n  c h r o m a t o g r a p h y  was p e r f o r m e d  w i t h  
3600 Az~ 0 u n i t s  of c rude  E. coli t R N A  as descr ibed  pre-  
v ious ly  ~. The  tRNA l W~ a n d  tRNAxA~n c o n t a i n i n g  p e a k  
(pool I, 1096 A~60 uni ts )  was  loaded  on  a RPC-5  co lumn  
p rev ious ly  equ i l i b r a t ed  w i t h  10 m M  Tris-HC1 buffer ,  
p H  7.0, 10 m M  Mg++, 1 m M  Na~S~O a and  0.3 M NaC1. 
E l u t i o n  was pe r fo rmed  a t  4~ accord ing  to  Roe  e t  alA ~ 
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Fig. 2. Purification of tRNAlval. A sample of 327 A~6 o units of 
3H-Phe-tRNA1 val was loaded on a 0.9 x 90 cm BD-cellulose column 
at 4 ~ Elution was done as indicated in the text. Fractious (4 ml) 
were collected at a flow rate of 30 ml/h and analyzed for soluble 
radioactivity. 

As seen in f igure  1, 2 en r i ched  f rac t ions  were resolved.  
The  f i rs t  one  is a composed  p e a k  of va l ine  accep tance  
ac t iv i ty .  The  m i n o r  p e a k  is p r o b a b l y  due  to  t he  modif ied  
fo rm of tRNAlVaa w h i c h  is cha rac t e r i zed  b y  a cross- l ink 
b e t w e e n  4 - th iou r id ine  in  t he  8th pos i t ion  of t he  t R N A  
sequence  a n d  t h e  cy tos ine  res idue  oil t h e  13th pos i t ion  n .  
A l t h o u g h  t he  resu l t s  of our  RPC-5  co lumn  could be  
a t t r i b u t e d  to  o t h e r  fac to rs  w h i c h  would  requ i re  a specific 
i nves t iga t ion ,  i t  is i n t e r e s t i ng  to  no te  t h a t  c h r o m a t o -  
g raph ic  h e t e r o g e n e i t y  as a r e su l t  of c ross- l inked t R N A  
molecules  ha s  been  r e p o r t e d  for  E.  coli t R N A  f•et us ing  
BD-eel lulose  c h r o m a t o g r a p h y  lz. 
Pools  were m a d e  w i t h  t R N A l W l  (pool I I )  a n d  tRNA1Aaa 
f rac t ions  (pool I I I ) ,  as i nd ica t ed  in t he  tab le .  Pool  I I  ac- 
cep ted  276 pmoles  of va l ine  a n d  pool  I I I  400 pmoles  of 
a l an ine  pe r  A~60 u n i t  of t R N A .  
I n  o rder  to  i n t r o d u c e  a h y d r o p h o b i c  amino  acid residue 
in t h e  en r i ched  f r ac t ions  o b t a i n e d  f rom the  RPC-5  chro-  
m a t o g r a p h y ,  e ach  pool  was  he te ro logous ly  mischa rged  
us ing  P R S  f rom N. crassa  as descr ibed  u n d e r  ' m a t e r i a l  
a n d  m e t h o d s ' .  The  p r o d u c t s  c o n t a i n i n g  e i the r  3H Phe-  
tRNAIV~I or 1'C P h e - t R N A x A ~  were s epa ra t e ly  loaded  on  
BD-cel lulose  co lumns  equ i l i b r a t ed  w i t h  5 m M  sod ium 
f o r m a t e  buffer ,  p H  4.0, 10 m M  MgSO 4 a n d  0.3 M NaC1. 
E l u t i o n  w a s  p e r f o r m e d  w i t h  t h e  s ame  buf fe r  us ing  a 
NaC1 l inear  g r a d i e n t  (figures 2, 3). As expected ,  t h e  he te ro -  
a m i n o a c y l a t e d  t R N A s  were c lear ly  s epa ra t ed  f rom the  
u n a c y l a t e d  ones  b y  v i r t u e  of t he  i n c o r p o r a t i o n  of a n  
a r o m a t i c  moie ty .  
The  t R N A a W l  a n d  tRNAx*I~ peaks  f rom each  BD-cel lulose  
co lumn  were pooled,  g iv ing  a m e a n  specific accep tance  
a c t i v i t y  of 1368 a n d  1301 pmoles  p e r  A,60 u n i t  for 
tRNAIW~ a n d  tRNA1A~a respect ively .  Q u a n t i t a t i v e  da ta ,  
pu r i f i ca t ion  fac tors  a n d  yields  are s u m m a r i z e d  in t h e  
tab le .  
A widely  used genera l  p rocedure  for t he  i so la t ion  of 
t R N A  species, deve loped  b y  Gi l l am a n d  Tene r  13, involves  
e n z y m a t i c  aminoacy l a t i on ,  chemica l  p h e n o x y a c e t y l a t i o n  
a n d  isola t ion  of t h e  de r iva t i zed  m a t e r i a l  b y  c h r o m a t o g -  
r a p h y  on  BD-cel lu lose  co lumn.  I t  is k n o w n  t h a t  p h e n o x y -  
a c e t y l a t i o n  can  m o d i f y  some m i n o r  nucleosides  1*, x5 a n d  
also t h a t  t he  he te ro logous  mi scha rg ing  r eac t ion  is 
b locked  w h e n  cross- l inked t R N A s  are used as s u b s t r a t e s  ~a. 
Because  of this ,  p h e n y l a l a n i n e  h e t e r o a m i n o a c y l a t i o n  ap-  
pears  to  be  a n  a t t r a c t i v e  a n d  p ro f i t ab l e  a l t e r n a t i v e  pro-  
cedure  for t h e  i so la t ion  of severa l  t R N A  species. 
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Fig. 3. Purification of tRNAlxl~. A sample of 116 A~a o units of 
I4C-Phe-tRNA1A1, was loaded on a 0.9 • 90 cm BD-eellulose column, 16 
The chromatography and analysis was performed as ill figure 2. 
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