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The e luc idat ion of the mechanism by which a polymeric nucleic acid 
molecule becomes transcr ibed or repl icated is of  fundamental importance 
in the study of  the or ig in  of l i f e .  As shown by Orgel and coworkers, 
po lycy t i d i l a te  w i l l  f a c i l i t a t e  the template-directed synthesis of the 
complementary oligomer (ol igoguanylate) from 2-MelmpG. Although the con- 
d i t ions used are not r e a l i s t i c a l l y  p reb io t ic  and, so far  the process is 
only e f f i c i e n t  in going from poly(C) to o l igo(G),  a study of  th is  reac- 
t ion was undertaken in order to confirm and extend th is  work, and in-  
crease our understanding of  the processes of t ransc r ip t i on  and rep l ica-  
t i o n  at the molecular leve l .  

In a typical  experiment the method of Inoue and Orgel (1982), with 
some modi f icat ions,  was fol lowed. F i rs t  the 2-methylimidazolide of 
guanosine 5'-monophosphate was prepared according to Joyce et a l .  (1984). 
Second, the reaction of th is  act ivated mononucleotide in the presence of  
po lycyt idy la te  was carr ied out for  I0 or more days at O~ in an incuba- 
t ion mixture containing 2,6 l u t i d i ne ,  NaCL and MgCI2. Third,  Na4EDTA 
was used to stop the react ion at the pa r t i cu la r  point of  i n te res t .  T r is -  
HCI was added in order to decrease the pH of the react ion unt i l  neut ra l -  
i t y  was reached. Pancreatic ribonuclease A was added to hydrolyze the 
template, poly(C), without a f fec t ing  the newly formed ol igonucleot ide 
(o l igo G). The terminat ion of the ol igomerizat ion process is dependent 
on a set of changes brought about by Na4EDTA, Tris~HCl and pancreatic 
ribonuclease A. Fourth, the products were separated and analyzed by 
HPLC using a s ta in less steel column (O.4cm x 50cm) with a par t i c le  size 
of 44~m. The column was packed with RPC-5 polymer powder in the per- 
chlorate form. 

Some 40 experiments were carr ied out,  one ha l f  using 2-Mel.~pG and 
the other ha l f  using ImpG. The concentration of reactants,  Mg ~T, and 
pH were the major var iables.  Several chromatograms were obtained for  
reactions carr ied out under d i f fe ren t  condit ions of pH. Figure I shows 
a typical  chromatogram of the olioo(G) synthesis at pH 7.6. Careful 
analysis of the chromatograms obtained demonstrate a decrease of the 
reaction rate as the pH is increased from 7.6 to 8.2. The dependence 
of the y ie ld  of oligomers on the concentration of Mg 2+ varies with the 
pH. At a pH lower than 7 the react ion exhib i ts  a t r i p l e  hel ix  character.  
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Fig. I .  HPLC elut ion prof i le  of o l igo-  
guanylates obtained in Exp. 22. 

The double he l ix ,  poly(C)-growing 
oligo(G) reaction at pH 7.6-8.2 is 
p a r t i a l l y  dependent on the Mg Z+ 
concentration. As the Mg 2+ con- 
centrat ion is increased, the 
length of the newly synthesized 
oligonucleotides becomes extended. 

The minor peaks with s l i gh t -  
ly shorter retent ion times than 
the major products almost cer ta in-  
ly  correspond to oligomers that 
contain one or a very small number 
of 2 ' - 5 ' l i n k s .  These peaks in-  
crease in size re la t ive to the 
major peaks as the pH increases 
from 7.6 to 8.2. This is possi- 
bly due to the occasional ioniza- 
t ion of G residues in the pre- 
formed oligo(G) strand at high pH 
values which interferes with the 
regu lar i ty  of  the poly(C):ol igo 
(G) double hel ix and reduces the 
reg iospec i f i c i t y  of the condensa- 
t ion reaction. 2 ' -5 ' l inkages in- 
crease upon a longer incubation 
time. 

The system under considera- 
t ion has produced oligonucleo- 

t ides up to I0 mer with the prevalence of 3 ' -5 '  phosphodiester linkages. 
Longer oligomers may be obtained through s l id ing or l i ga t ion .  The s l id -  
ing mechanism was suggested some time ago (Or6 and Sherwood, 1974) and 
has been shown to occur under certain conditions (Chen et a l . ,  1985). L i-  
gation may be used to unite two or more oligomers of s imi lar  (or variable) 
lengths to produce a longer oligomer. The union of the two oligomers 
would have to take place without disturbing the overall three dimensional 
conformation of the ol i9onucleotides. The mechanistic approach of th is 
process w i l l  probably involve end to end jo in ing of the 3' hydroxyl group 
of one oligomer with the 5' phosphate group of another oligomer. 
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