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BIOLOGICAL ACTIVITY 

NEW PHOTOREACTIVE mRNA ANALOGUES FOR 
THE AFFINITY LABELING OF RIBOSOMES 

A.G.Venyarninova, M.N.Repkova, T.M.lvanova, M.l.Dobrikov, K.N.Bulygin, 
D.M.Graifer, G.G.Karpova, V.F.Zarytova*. 

Novosibirsk Institute of Bioorganic Chemistry, Siberian Division of Russian Academy of Sci- 
ences, Novosibirsk 630090, Russia 

Abstract. Chemical synthesis of the model mRNA analogues (AUGU3, (pU),) bearing p- 
azidotetrafluorobenzamido, p-azidobenzamido or 2-nitro-5-azidobenzamido groups coupled to 
the 5'-terminal phosphate or to the C-8-position of adenosine is described. The first results of the 
photoaffinity labeling study of human placenta ribosomes are presented. 

Photochemical crosslinking is a powerful tool for the analysis of protein-nucleic acid or 

nucleic acid-nucleic acid interactions'.'. Arylazide-tagged oligonucleotides are now under scrutiny 

for the ability of the intermediates generated under UV-light irradiation to insert into adjacent 

molecules very rapidly and relatively nonspecifically to result in covalent attachment of the 

azide-tagged molecule to other molecules in the vicinity. This makes these reagents exellent 

probes for the environment of a molecule. 

It was shown earlier that introduction of the nitro group into the aromatic ring in para- 
position to the azido group or the use of polyfluorinated aryl azides allow photoreactive reagents 

with superior spectral and photochemical properties 3,4. 

The present work is devoted to the chemical synthesis of an artificial short mRNA ana- 

logues (AUGU3 and (pU),) bearing p-azidotetrafluorobenzoic (R,), p-azidobenzoic (R2) or 2-nitro- 

5- azidobenzoic (R3 ) acid residues coupled either to the 5'-terminal phosphate group of the oli- 

goribonucleotide or to the C-8 position of adenosine. 

The most suitable for the synthesis of such types of conjugates is the general strategy 

based upon the introduction of an aliphatic amino spacer into an oligonucleotide for the following 

attachment of the photoreagent by some mild procedure in an aqueous media. We have applied 

recently this approach for the synthesis of oligodeoxyribonucleotide derivatives carrying arylaz- 

ido groups at the 5'- end or C5 of de~xyur id ine~.~.  

Illustrated in FIG.l is a synthetic route to the 5'-azidobenzamido derivatives of oligouridy- 

lates (4a-c). Oligouridylates and their Y-phosphates were synthesized by the solid phase H- 

phosphonate method'. The attachment of short aliphatic diamines to the deprotected oligoribo- 

nucleotides was performed with triphenylphosphine (Ph3P) and 2,2'-dipyridyldisulfide (PYS)~ 
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1070 VENYAMINOVA ET AL. 

mixture in the presence of 4-N,N-dimethylaminopyridine (DMAP) as nucleophilic catalyst'. The 

active zwitterionic derivatives 2 formed are readily converted to the 5'-amino containing 

oligouridyfates 3 with high yield. Selective acylation of the amino groups was achieved using N- 

hydroxysuccinimide esters of azidobenzoic acids (the degree of conversion was about 80%). 

( i i )  P 
-0-y-ox R - ( i )  H 3 5 e 1 0 x  - NH,(CHJnNttf'-OX 

-0 
-0 1 H3C 2 -O/ ( i i i )  3 

9 
RLNH-@ 

L = - NH(CH2)n- -0 
4 

4a X = U@U)5. n=2. R=R1 4b X =  U@U)5. n=2. R=R3 

4c X = U@U)2. n=3. R=R1 4d X = U(pU)z. n=3, R=R2 Ro--N$ 

0 FIG 1 ( I )  Ph3P. (PyS)2. DMAP ( I I ) NHz(CH2)"NHz. n=2 or 3 ( I  1 1  ) 

Another route based 

on the use of premodified 

monomeric synthon was cho- 

sen for the synthesis of C-8- 

aminoadenosine containing 

oligoribonucleotide 10. The 

synthesis of 5'-O-dimethoxy- 

trityl-2'-0-tetra hydropyran-2- 

yl-N6-benzoyl-8-[N-(3-trifluo- 

roacetamidopropyl)]amino- 

adenosine-3'-H-phosphonate 

(9) is shown (FIG.2). 

We have employed 

the transient protecting 3',5'-0-(tetraisopropyldisiIoxane-1 ,bdiyl)group for the selective introduc- 

tion of 2'-O-tetrahydropyran-2-yl group in 6. 

The synthesis of 3'-H-phosphonates of C-8-Br-modified adenosine 8 as well as standard 

FIG.2 ( i ): (iPr)2(CI)SiG)-Si(Cl)(iPr)2; ( i  i ): 2,Mihydropyran. H+; ( i  i i ): BZCI: 

( i v): (CzHg)4NF; (v ) :  dimethoxytrityl chloride; ( v  i ): salicylchlorophosphine; 
( v i i ): H20; ( v i  i i ): NH~(CH~)SNH~;  ( i x ): C F ~ C O ~ C ~ H S .  

protected uridine and 

guanosine was carried 

out using the mon- 

ofunctional phosphity- 

lating reagent salicyl- 

chloroh~sphine~. The 

replacement of 8-Br- 

substi-tute in 8 was 

achiev-ed by interac- 

tion with 1,3-diamino- 

propane at elevated 

temperature, followed 

by the protection of 

the outer amino group. 

The structure of the 

intermediate products 
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PHOTOREACTIVE mRNA ANALOGUES 1071 

and final one in the synthesis of 9 was confirmed by means of elemental analysis, UV-, 'H- and 

l l a :  R = R 1  

l l b :  R = R 2  
PUPG(PU)~ 

10 11 

FlG.3. L = -NH(CH2)3- 

3'P-NMR-spectra. 

Using 3'-H-phosphonate of 

adenosine 9 with masked C-8- 

aliphatic amino group at the last step 

of the manual solid phase H- 

phosphonate synthesis' and opening 

this group simultaneously with the standard deprotection of oligoribonucleotides allowed us to 

synthesize C-8-aminoadenosine containing A*pUpG(pU), (10). FIG.3 depicts the transformation 

of this modified oligoribonucleotide into oligomers l la,b with arylazide groups (R1 and Rz ) intro- 

duced via an amino spacer in C-8-adenosine. 

All modified oligoribonucleotides (Table 1) obtained were purified by RP HPLC and iso- 

The retention times for these compounds on the reverse phase C-18-column showed 
that aryl azide moiety notably enhances the hydrophobic character of the initial aminocontaining 

oligomers. 

lated as lithium salts. 

TABLE 1. Characteristics of synthesized analogues of mRNA' 

'Microcolumn RPC, LiChrosorb RP-18, methanol gradient (0-80%)in 0.02M Tris-acetate buffer,pH 8.0. 
** Microcolumn RPC, LiChrosorb RP-18, methanol gradient (0-80%) in the same buffer, pH 5.0. 
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1072 VENYAMINOVA ET AL. 

TABLE 2. Molar ratio of products after enzymatic digestion’ of modified oligoribonucleotides 

Mixture of snake venom phosphodiesterase and 5’-nucleotidase. 
** Microcolumn RPC, LiChrosorb RP-18, methanol gradient (040%) in 0,02 M Tris acetate buffer, pH5.0 
***EXO ALNH2 = ~ 2 6 0  A = 15400 M-’ cm-’ ; EXO ALNHR1 = 38700 M .’cm.’ ; 

E ~ W  ALNHR2= 27800 M” cm-’ , as the sum of molar extinction coefficients of the unmodified adenosine 
and corresponding azidoarylamide RNH(CH2 )3 OH at 260nm’ 

The composition of modified oligoribonucleotides 1 la,b was confirmed by the digestion 

of snake venom phosphdiesterase and 5’-nucleotidase (Table 2). 

The first promising results on the affinity labeling of human placenta ribosomes with new 

synthesized photoreactive analogues of mRNA were obtained. 
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