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HIGH PRESSURE LIQUID CHROMATOGRAPHY DETERMINATION 
OF THE 5'-TERMINAL RESIDUE OF SMALL RNA MOLECULES 

Antoon Vandenberghe and Ruper t  De Wachter 

Department o f  C e l l  B i o l o g y  
U n i v e r s i t y  o f  Antwerp 

B-2610 Wilri j k ,  Belg ium 

ABSTRACT 

Under t h e  a p p r o p r i a t e  c o n d i t i o n s ,  h i g h  p ressu re  l i q u i d  ch ro -  
matography o f  a1 k a l  i n e  h y d r o l y s a t e s  o f  s h o r t  RNAs a1 1 ows t h e  i den- 
t i f i c a t i o n  o f  t h e  5I -end group under t h e  fo rm o f  a nuc leos ide  5 ' ,  
3 ' ( 2 ' ) - b i s p h o s p h a t e .  The s e p a r a t i o n  c o n d i t i o n s  were e l a b o r a t e d  
w i t h  an a r t i f i c i a l  m i x t u r e  o f  nuc leos ide  mono- and b isphosphates,  
t e s t e d  w i th  an a l k a l i n e  h y d r o l y s a t e  o f  E s c h e r i c h i a  c o l i  5 S rRNA, 
and a p p l i e d  t o  t h e  i d e n t i f i c a t i o n  o f  t h e  Ar temia s a l i n a  - 5 S rRNA 
end group. 

INTRODUCTION 

Modern sequencing techniques f o r  sma l l  RNAs f o l l o w  e s s e n t i a l -  

l y  two types o f  s t r a t e g i e s .  The f i r s t  one i s  d i r e c t  g e l  reading,  

which r e q u i r e s  t e r m i n a l  l a b e l i n g  f o l l o w e d  by  p a r t i a l  base s p e c i f i c  
enzymatic (1,2) o r  chemical ( 3 )  c leavage and subsequent s e p a r a t i o n  

on po lyac ry lam ide  ge l  of t h e  r e a c t i o n  p roduc ts .  The second i n -  
vo lves random p a r t i a l  h y d r o l y s i s ,  l i m i t e d  i n  p r i n c i p l e  t o  one 

k n i c k  pe r  molecule,  f o l l o w e d  by  k i n a s e  l a b e l i n g  o f  t h e  5I-OH 
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groups o f  t h e  fragments ex tend ing  t o  t h e  3 ' -end  o f  t h e  i n t a c t  RNA. 

A f t e r  s e p a r a t i o n  on g e l  , each f ragment  i s  comp le te l y  hyd ro l ysed  
and t h e  32P- labeled end i d e n t i f i e d  as a nuc leos ide  b isphosphate 

(4 -6 ) .  

Wi th  b o t h  approaches t h e  i d e n t i f i c a t i o n  o f  t h e  5 ' - t e r m i n a l  

r e s i d u e  o f  t h e  RNA poses some problems. When t h e  d i r e c t  r e a d i n g  
method i s  a p p l i e d  t o  RNA l i g a t e d  w i t h  [ 5'-32P] pC3'p ( 7 )  a t  t h e  
3'-end, a heavy band o f  undegraded i n a t e r i a l  u s u a l l y  obscures t h e  
r e a d i n g  o f  t h e  5 ' -penu l t ima te  band. L a b e l i n g  a t  t h e  5'-end by 

k i n a t i o n  w i t h  [ T - ~ ~ P ]  ATP r e q u i r e s  p r i o r  dephosphory la t i on  w i t h  
a l k a l i n e  phosphatase, w i t h  t h e  r i s k  t h a t  t h e  s l i g h t e s t  n i c k i n g  
by  a con tamina t ing  nuc lease c rea tes  e x t r a  end groups. W i th  t h e  

random h y d r o l y s i s  procedure t h e  5 ' - t e r m i n a l  r e s i d u e  i s  n o t  l a b e l e d  
and i t s  i d e n t i f i c a t i o n  r e q u i r e s  a separa te  exper iment  anyway. 

We here p r e s e n t  a r a p i d  and s e n s i t i v e  method t h a t  overcomes 

t h e  aforementioned problems. 
t i f i e d  under t h e  fo rm o f  a nuc leos ide  b isphosphate by  HPLC of a 
complete a l k a l i n e  h y d r o l y s a t e  o f  about 20 p g  o f  u n l a b e l e d  RNA. 

The 5 ' - t e r m i n a l  n u c l e o t i d e  i s  i d e n -  

MATERIALS AND METHODS 

- Marker Nucl e o t i  des and Ribosomal RNA 

The f o u r  nuc leos ide  b isphosphates were p repared  f rom t h e  c o r -  

responding nuc leos ide  3 I ( 2  ')-monophosphate m i  xed isomers (Sigma 
Chemical Company, S t .  Lou is ,  Mo) by p h o s p h o r y l a t i o n  o f  t h e  5'-OH 
w i t h  P0Cl3 (8) .  The r e a c t i o n  products  were p u r i f i e d  on Dowex 
1 X 2 (Serva, He ide lbe rg )  by i o n  exchange chromatography ( 9 ) .  
5 ' , 3 ' (2 ' ) -b i sphospha tes  were ob ta ined  as mixed isomers.  

The 

5 S r ibosomal  RNA f r o m  E. c o l i  MRE 600 was p repared  acco rd ing  
t o  Monier  (10) and Ar temia s a l i n a  5 S RNA was i s o l a t e d  as described 
e a r l i e r  (11). 
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Alkaline Hydrolysis of 5 S rRNA 

20 fig of the 5 S rRNA was dissolved in 2.5 u1 of 0.3 M NaOH 
and incubated overnight a t  37" in a capillary.  
the sample was diluted ten-fold w i t h  water and injected direct ly  
onto  the HPLC column. 

After hydrolysis, 

- HPLC Equipment and  Separation Conditions 

Separations were carried o u t  on a PARTISIL SAX (Reeve Angel, 
Clifton, N.J.) column o f  250 x 4.6 mm f i t t e d  t o  a Model 3500 h i g h  
pressure gradient chromatograph from Spectra-Physics (Santa Clara, 
Calif .)  equipped with a dual wavelength detector a t  254 and 280 
nm. Linear gradients were used by mixing 0.01 M H3P04 and 1 M 
H3P04, b o t h  adjusted to  pH 2 . 2  with N H 3 ,  as low and h i g h  concen- 
t ra t ion eluent. The gradient was programmed from 0 t o  100% of 
the highest concentration eluent over a period o f  100 min a t  am- 
bient temperature and with a flow rate  of 1 . 2  ml/min. 

RESULTS A N D  DISCUSSION 

Under the described separation conditions, the nucleoside 
monophosphates are well separated into the amino- and keto- 
derivates and precede the nucleoside bisphosphates as shown i n  
Fig. la.  The 2 ' -  and 3'-isomers e lu te  together, except fo r  A2'p 
and A3'p which are s l igh t ly  separated. The e f fec t  i s  more pro- 
nounced in the case o f  the adenosine bisphosphates where the 2 ' -  
isomer interferes  with the cytidine bisphosphate peak. 
not impede the end group analysis,  since cytidine bisphosphate, 
contrary t o  adenosine bisphosphate, will  be detected as a single 
peak and in addition gives a much higher response a t  280 nm t h a n  
a t  254 nm. If  desired, the interference can be avoided by hydro- 
lysing the RNA with a mixture of RNases, which obviates the forma- 
tion of 2'-isomers. However, use of RNases involves a more labo- 
rious sample preparation since they should be eliminated before 
application on the column t o  avoid problems with l a t e r  separations 

This does 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
5
5
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



0 64 

0 48 

0 32 

0 16 

E 
c 

Ln 
N 

m 
Q) 
U 
t 
m 

0 0 0  

+ 002 

n 

n 
& 0.01 
iA 

m 

0 oc 
0 02 

0.01 

O O (  

a 3 2  

16 

00 

E 
c 
0 
43 
cv 

00 -& 
al 
U 
c m 

0 
v) 

m 

n 

n 

L 

00 

10 20 30 

t i m e  ( m i d  
FIGURE 1. HPLC a n a l y s i s  o f  nuc leos ide  mono- and b isphosphates.  
Separat ion c o n d i t i o n s  a r e  as desc r ibed  i n  M a t e r i a l s  and Methods. 
F u l l  l i n e s  correspond t o  absorbance a t  254 nm. Dashed l i n e s  i n d i -  
c a t e  t h e  absorbance a t  280 nm, r e g i s t r a t e d  w i t h  t h e  same s e n s i t i v -  
i t y  b u t  rep resen ted  w i t h  t h e  b a s e l i n e  s h i f t e d  upward. (a)  Separa- 
t i o n  o f  a t e x t  m i x t u r e  c o n t a i n i n g  approx ima te l y  20 p g  o f  each 
nuc leos ide  monophosphate and 5 p g  of each o f  t h e  nuc leos ide  b i s -  
phosphates. A l l  markers a r e  composed o f  2 ' -  and 3I -mixed isomers 
b u t  on l y  i n  t h e  case of adenosine a r e  they separated.  pCp g i v e s  a 
weak s i g n a l  a t  254 nm and i s  masked by pAil 'p, b u t  becomes v i s i b l e  
a t  280 nm. (b)  T e s t  w i t h  an a l k a l i n e  h y d r o l y s a t e  o f  5 S rRNA f r o m  
E. c o l i  showing pup as t h e  5 ' - t e r m i n a l  h y d r o l y s i s  p r o d u c t .  ( c )  De- 
t e r m i n a t i o n  o f  t h e  5 ' - t e r m i n u s  of Artemia s a l i n a  5 S rRNA showing 
pAp as t h e  end group. 
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o f  n u c l e i c  a c i d  m a t e r i a l .  

2 ' , 3 ' - c y c l i c  phosphates r e s u l t i n g  f r o m  incomp le te  d i g e s t i o n  and 

t h i s  w i l l  i n  t u r n  comp l i ca te  t h e  p a t t e r n .  

A second o b j e c t i o n  i s  t h e  presence o f  

D i f f e r e n t  pH values where t e s t e d  f o r  t h e  s e p a r a t i o n ,  b u t  i t  

was n o t  p o s s i b l e  t o  f i n d  c o n d i t i o n s  a c h i e v i n g  t h e  s e p a r a t i o n  o f  

t h e  f o u r  n u c l e o s i d e  monophosphates as w e l l  as t h e  f o u r  b isphos-  

phates. 

b isphosphates and has t h e  advantage t h a t  t h e  presence o f  pseudo- 

u r i d i n e  i n  t h e  a l k a l i n e  h y d r o l y s a t e  can be d e t e c t e d  i n  t h e  same 

a n a l y s i s  (12)  s i n c e  i t  mig ra tes  between t h e  Ap and (Gp + Up) peaks. 

The cho ice  o f  pH 2.2 r e s u l t s  i n  a s e p a r a t i o n  o f  t h e  f o u r  

Using t h e  5 S r R N A  f rom E .  c o l i  as a t e s t ,  t h e  5 ' - t e r m i n u s  

A p p l i c a t i o n  o f  o u r  method t o  t h e  5 S 

S ince  approx ima te l y  20 v g  of 5 S rRNA, o r  0.5 

was i d e n t i f i e d  as pup as i l l u s t r a t e d  i n  F i g .  l b ,  i n  agreement w i t h  

t h e  r e p o r t e d  sequence ( 1 3 ) .  

r R N A  o f  Ar temia s a l i n a  showed pAp t o  be t h e  t e r m i n a l  h y d r o l y s i s  

p r o d u c t  ( F i g .  l c ) .  

A260 nm 
about  1/120th o f  t h i s  amount, o r  0.004 A260 nm u n i t s .  T h i s  i s  

s u f f i c i e n t  t o  g i v e  a d i s t i n c t  s i g n a l .  

u n i t s ,  a re  used p e r  exper iment ,  t h e  pNp peak c o n t a i n s  
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