
5 6 8  PRELIMINARY NOTES 

Studies on soluble ribonucleic acid of rabbit liver. 
Action of polynucleotide phosphorylase 

I t  has recently been established that  specific amino-acid-activating enzymes catalyze 
both the formation of amino acid adenylates and the transfer of the anaino-acyl 
moiety to RNA to form an amino acid-RNA compound z,2. Only cytoplasmic or 
soluble RNA appears to function as an acceptor in this way and there is evidence 
that  there exist different s-RNAs for different amino acids 2-5. The amino acid pre- 
sumably is bound to the polynucleotide chain through the unesterified 2'- or 3'- 
hydroxyl group of the terminal nucleotide (nucleoside end)3,6,L 

Both venom phosphodiesterase s and polynucleotide phosphorylase 9 act by step- 
wise removal of mononucleotide units starting from the nucleoside end of a poly- 
nucleotide chain. GRUNBERG-MANAGO observed that  s-RNAs from different sources 
are slowly and incompletely phosphorolyzed by polynucleotide phosphorylase whereas 
other RNAs are degraded to completion z°. PREISS et al. 3 reported that  s-RNA from 
Escher ich ia  colt loses its ability to accept amino acids after minimal degradation (less 
than 5 %) with venom diesterase. We have confirmed this observation with rabbit  
liver s-RNA. I t  was of interest, therefore, to investigate more extensively the action 
of polynucleotide phosphorylase on s-RNA, particularly with respect to its effect on 
amino acid acceptor ability. 

As shown in Table I the phosphorolysis of rabbit  liver s-RNA* stops at 20-30 %,, 
of completion. The cessation of the reaction is not caused by enzyme inactivation 
or inhibition since (I) addition of fresh enzyme after 5 h produces no additional 
breakdown; (2) polyadenylic acid n added after 5 h is rapidly phosphorolyzed; and 
(3) the acid-soluble reaction products are not inhibitory. The extent of phosphorolysis 

T A B L E  I 

P H O S P H O R O L Y S I S  OF s - l ~ A  

E xpt. Time lzmole alP i % 
h incorporated phosphoroly,~ed 

A 

B 

0 0 . 0 0  - -  

.5 O . 1 2  2 8  

6 o.12 28 

3 o.o9 16 
6 o . i i  20 

2 2  O , I O  1 8  

The  reac t ion  m i x t u r e s  (o.2o ml) con ta ined  o.I M t r i s ( h y d r o x y m e t h y l ) a m i n o m e t h a n e  buffer,  
p H  8.2, I o m M  MgCI~, o.2 m M  e t h y l e n e d i a m i n e t e t r a a c e t a t e  and  p o t a s s i u m  Ea~P3phosphate buffer,  
p H  7.4 (23 m M  in Exp t .  A a n d  io  m M  in E xp t .  B). The  a m o u n t s  of s -RNA,  in /~mole  organic  P, 
were 0.43 a n d  0.56 in  E xp t s .  A and  13 respect ive ly .  9o and  21o / t g  of a p r epa ra t i on  of A. agilis 
po lynuc leo t ide  p h o s p h o r y l a s e  of specific ac t iv i ty  23 (ref. i i )  were used  in Exp t s .  A and  B re- 
spect ive ly .  Af ter  i nc uba t i on  a t  37 °, 0.05 ml  a l iquots  were added  to I.OO ml  cold 2.5 % HC104 
and  t h e  p rec ip i t a te  was  r e m o v e d  by  cen t r i fuga t ion .  The  s u p e r n a t a n t  fluids were t r e a t ed  wi th  
charcoa l  to de t e rmine  a~p in ac id-soluble  nuc leo t ides  1~. The  resu l t s  are g iven  as #mo le  a2pt in- 
co rpora ted  in to  acid-soluble  nuc leo t ides  pe r  o.2 m l  reac t ion  mix tu r e .  

Abbrev ia t ions :  1RNA, r ibonucle ic  ac id ;  s -RNA,  R N A  f rom tile soluble por t ion  of a t i ssue  
h o m o g e n a t e ;  P1, inorganic  o r t h o p h o s p h a t e .  

* The  s-IRNA used  in t he se  e x p e r i m e n t s ,  p repa red  f rom rabb i t  l iver  by  NaC1 ext rac t ion ,  con- 
t a i n e d  less  t h a n  o.oi # m o l e  of b o u n d  a m i n o  acids  per  2 5 / , m o l e s  of s - R N A  ribose.  

Biochim. Biophys. Acta, 38 (196o) 568-57o 



PRELIMINARY NOTES 569 

is not dependent on the concentration of s-RNA and is unaffected by mild alkaline 
treatment of s-RNA. 

The portion of the s-RNA that  remains undigested after treatment with poly- 
nucleotide phosphorylase retains its ability to accept activated amino acids. The 
specific activity* of s-RNA, with respect to proline or leucine, was exactly the same 
before and after phosphorolysis, namely, 914 :k 58 and 906 -¢- 48 for proline, 14o :k 20 
and 128 :~ 24 for leucine; with respect to valine, on the other hand, the specific 
activity showed a small decrease, 96 -4- 6 and 76 ± 8. 

I t  is apparent, therefore, that although venom diesterase and polynucleotide 
phosphorylase are thought to act in analogous fashions, the results of their action 
on s-RNA are quite different. The most likely interpretation of these findings suggests 
that  polynucleotide phosphorylase degrades only a fraction of the polynucleotide 
chains present in the preparation and these to completion. 70-80 % of the chains 
may be entirely resistant to attack and the determining factor could be the extent 
of secondary structure (hydrogen bonding) in the resistant polynucleotide chains. 
The experiments of GRUNBERG-MANAGO 1° and 0CHOA 13 have shown that  multi- 
stranded polyribonucleotide chains are resistant to phosphorolysis. This hypothesis 
is supported by the observation that treatment of s-RNA with polynucleotide phos- 
phorylase has essentially no effect on either the modal or the weight-average sedi- 
mentation coefficient (Table II). 

TA/3LE II  

EFFECT OF POLYNUCLEOTIDE-PHOSPHORYLASE TREATMENT ON SEDIMENTATION OF s - R N A *  

Sedimentation coefficient 

B eight average Mode 

s - R N A  (unt rea ted)  4.0 4.0 
s - R N A  (undigested) 3.9 4 ,I 

* The  a b s o r b a n c y  of t he  s - R N A  solu t ion  was  I.O. 
M e a s u r e m e n t s  a t  59,780 r e v . / m i n  were m a d e  in 0.2 M NaC1, us ing  the  Spinco Model  E Ul t ra -  

cen t r i fuge  w i th  u .v .  opt ics .  Values  were c o m p u t e d  f rom t rac ings  ob ta ined  f rom the  pho tog raph i c  
images  us ing  t he  Spinco Model R A  Analy t ro l ,  equ ipped  wi th  a mic roana lyze r  a t t a c h m e n t  14. 
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Peptides isolated from peptic hydrolysate of 
diisopropylphosphoryl-trypsin 

In the comparative studies on protein structures z which our laboratory has been 
working on we have been concerned above all with chymotrypsinogen and trypsin. 
A survey of the peptide sequences in these proteins so far known was published by 
us earlier ~. 

The present paper gives a preliminary report on results obtained by studying 
peptides isolated from a peptic hydrolysate of DIP-trypsin. This study permits us 
to ascertain mutual bonds in the vicinity of the residues of lysine and arginine, which 
are split on tryptic hydrolysis. 

DIP-trypsin (IOOO rag) was hydrolyzed by pepsin (enzyme to substrate ratio, 
1:5o) at 37 ° and pH 2.0 for 2.5 h. A small quanti ty of non-dialyzing material was 
removed from the peptic hydrolysate by dialysis against distilled water. The freeze- 
dried dialysate was fractionated on a Zerolit 225 X2 ion-exchange resin (ioo-2oo 
mesh) column of 2.2 X 150 cm at 4 °0 using an elution gradient. For this purpose 
volatile buffers composed of pyridine and formic acid or pyridine and acetic acid 
proved satisfactory as in the case of the separation of a peptic hydrolysate of chymo- 
trypsinogen 8. 

Elution was initiated with the o.I M buffer (with respect to pyridine) and the 
gradient developed by gradually introducing solutions of increasing molarity and 
pH-value into a mixing vessel (volume, 2200 ml). The solutions used were as follows: 
o .2M, pH 3.1; I M ,  pH 5.1; 2M,  pH 5.2; 2M, pH 7.0 and 2 M  ammonia. The 
eluates were collected in 2o-ml fractions at a flow rate of I ml/min. 

The course of the separation on the column was checked by submitting dry 
residues of o.4-ml aliquots taken from each fraction to descending paper chromatog- 
raphy s in the system n-butanol-pyridine-acet ic  acid-water  (15:IO:3:12) 4. Ac- 
cording to the chromatograms, individual fractions obtained from the column were 
pooled and fractionated further by preparative chromatography on Whatman No. I 
or No. 3 paper in the system 4 mentioned above. The zones obtained were purified 
by paper electrophoresis in the system formic acid-acetic acid of pH 1. 9 at a potential 
gradient of 65 V/cm. 

A majority of the zones isolated comprised individual peptides as was proved 
by calculating the molar ratios of amino acids by comparing the peptide hydrolysate 

Abbrev ia t ion :  DIP- ,  d i i sopropylphosphory l - .  
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