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Cellular and viral messenger RNAs synthesized by RNA 
polymerase II have a unique chemical structure at their 5' termini 
(Figure I)1 which is required in varying degrees for processing 
and maturation of the transcript in the nucleus,2 transport of the 
message from the nucleus to the cytoplasm,3 mRNA stability,4 

and efficacy in translation of the message to the encoded protein.3 

Because of this pivotal role in mRNA metabolism and its inherent 
chemical properties, we are exploring the 5' cap as a target for 
antisense technologies. Antisense directed chemical alteration 
of the 5' cap may provide transcript specific inhibition of protein 
expression.6 An understanding of its reactivity will provide the 
basis for the design and synthesis of antisense oligonucleotides 
equipped with 5' cap specific reactive moieties. This report 
describes the reaction of a select set of metal complexes upon the 
5' cap structure of messenger RNA.78 The most reactive metal 
complex assessed, o-phenanthroline:Cu(H), is shown to selectively 
decapitate a 5'-capped RNA hybridized to its DNA complement. 

Cu(II) and Zn(II) metal ions at 300 uM and their complexes 
with o-phenanthroline (OP), bipyridine (Bipy), and terpyridine 
(Terpy), where L:M = 1.1:1.0, were assessed for their reactivity 
upon the capped monoribonucleotide m'GpppG at 50 uM. The 
order of reactivity for the Cu(II) series was OP:Cu(II) > Cu(II) 
> Bipy:Cu(II) » Terpy:Cu(II).9 Zn(II) metal ion and its 
complexes demonstrated negligible activity.10 This order of 

(1) (a) Banjeree, A. K. Microbiol. Rev. 1980, 44, 175-205. (b) Shatkin, 
A. J. Cell 1976, 9, 645-653. (c) Cory, S.; Adams, J. M. J. MoI. Biol. 1975, 
99,519-547. 

(2) (a) Ohno, M.;Sakamoto,H.; Shimura, Y. Proc.Natl. Acad.Sci. U.S.A. 
1987, 84, 5187-5191. (b) Edery, I.; Sonenberg, N. Proc. Natl. Acad. Sci. 
U.S.A. 1985, 82, 7590-7594. (c) Konarska, M. M.; Padgett, R. A.; Sharp, 
P. A. Cell 1984, 58,731-736. 

(3) (a) Hamm, J.; Mattaj, I. W. Cell 1990, 63, 109-118. (b) Ohno, M.; 
Kataoka, N.; Shimura, Y. Nucleic Acids Res. 1990, 18, 6989-6995. 

(4) (a) Murthy, K. G. K.; Park, P.; Manley, J. L. Nucleic Acids Res. 1991, 
19,2685-2692. (b) Furuichi, Y.; LaFiandra, A.;Shatkin, A. J. Nature 1977, 
266, 235-239. 

(5) (a)Thach,R.E.Ce//1992,6S, 177-180. (b) Kozak, M. J. Biol. Chem. 
1991, 266, 19867-19870. (c) Hershey, J. W. B. Annu. Rev. Biochem. 1991, 
60,717-755. 

(6) (a) Uhlmann, E.; Peyman, A. Chem. Rev. 1990, 90, 578-584. (b) 
Crooke, S. T. Annu. Rev. Pharmacol. Toxicol. 1992, 32, 329-376. 

(7) Recent studies have demonstrated hydrolysis of the RNA phosphodiester 
backbone by transition metal complexes, (a) Morrow, J. R.; Buttrey, L. A.; 
Shelton, V. M.; Berback, K. A. J. Am. Chem. Soc. 1992, 114, 1903-1905. 
(b) Modak, A. S.; Gard, J. K.; Merriman, M. C; Winkeler, K. A.; Bashkin, 
J. K.; Stern, M. K. / . Am. Chem. Soc. 1991, 113, 283-291. (c) Stern, M. 
K.; Bashkin, J. K.; Sail, E. D. J. Am. Chem. Soc. 1990, 112, 5357-5359. 

(8) Co(III) complexes have been shown to hydrolyze triphosphates and 
diphosphates, (a) Haight, G. P., Jr. Coord. Chem. Rev. 1987, 79, 293-319. 
(b) Hediger, M.; Milburn, R. M. J. Inorg. Biochem. 1982, 16, 165-182. (c) 
Norman, P. R.; Cornelius, R. D. J. Am. Chem. Soc. 1982, 104, 2356-2361. 

(9) The percentages of m'GpppG hydrolyzed after 24 h at 37 "C measured 
as 67%, 32%, 29%, and 5%, respectively. Percentage values for the metal 
reactions are based upon the amount of remaining substrate measured against 
an internal standard (NAD) and that of the control (buffer only, no metal 
complex under the same reaction times and temperature). Average percent 
error = ±2%. 

(10) Differences in reactivity of the metal complexes upon the 5' cap 
structure may reflect the differences in the binary and/or ternary metal 
formation constants, metal:ligand coordination geometries, availability of 
coordination sites, and/or the metal-hydroxyl pATas. (a) Sigel, H. J. Inorg. 
Nucl. Chem. 1977,39,1903-1911. (b) Perrin, D. D.;Sharma, V. S. J. Inorg. 
Nucl. Chem. 1966, 28, 1271-1278. (c) Buisson, D. H.; Sigel, H. Biochim. 
Biophys. Acta 1974,343,45-63. (d) Orioli, P.; Cini, R.; Donati, D.; Mangani, 
S. J. Am. Chem. Soc. 1981, 103, 4446-4452. (e) Martell, A. E.; Chaberek, 
S., Jr.; Courtney, R. C; Westerback, S.; Hyytiainen, H. J. Am. Chem. Soc. 
1957, 79, 3036-3041. 

triphosphate 
linkage 

HO „ OH ' * 
. l - O - i . 0 0 0 H J'"-L 0 0 O 5 . 

i r ^ n u n 5
 B . „ 

T X-> °" °" °" T^ i 
O H " 7 " - H O = P - O ' 

O. . 
Y 

7-methylguanine 

OMe j 2' methoxy 

3 ' 

IS=!? 
\ Base 

2' methoxy 
' (optional) 

Figure I. 5' cap structure of messenger RNA. 
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Figure 2. FPLCchromatograms1' of theOP:Cu(II) + m'GpppG reaction 
at (A) 0 h and (B) 24 h, where products have been labeled as (a) m'GMP, 
(b) GMP, (c) m7GDP, and (d) GDP. NAD (nicotinamide adenine 
dinucleotide) was the internal standard utilized to measure the rate of 
disappearance of the starting material. The standard was added 
immediately prior to chromatographic analysis of each reaction. Reaction 
conditions: 300 MM OP:Cu(II), 50 \M. m'GpppG, in 20 mM HEPES 
(pH 7.1) at 37 0C. 

reactivity differs from that observed for single-stranded RNA.7c 

The most reactive compound, OP:Cu(H), hydrolyzed 67% of the 
5'-capped monoribonucleotide to m'GMP, m7GDP, GMP, and 
GDP after 24 h at 37 0C (Figure 2). Product assignment was 
performed by coinjection experiments utilizing commercially 
available standards. Approximately twice as much more of the 
product pair m7GMP/GDP was produced over the m7GDP/GMP 
pair. Disappearance of m'GpppG at 50 ̂ M in the presence of 
300 uM OPrCu(II) is described by a first-order rate process with 
a rate constant of 4.99 X ICH br1 and t]/2 - 14 h. 

On the basis of the hydrolytic activity of OP:Cu(II) upon the 
model substrate, m'GpppG, the metal complex was tested further 
for its reaction upon a 5'-capped radiolabeled 20-nt oligoribo­
nucleotide hybridized to its DNA complement. The S'-capped 
RNA substrate was incubated at 37 0C over a 48-h period in the 
presence and absence of 100 ^M OP:Cu(II) under buffered 
conditions (pH 7.4). Analysis of the reactions by gel electro­
phoresis demonstrated that in the absence of the metal complex 
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Figure 3. Decapitation of a 5'-capped oligoribonucleotide (antisense 
duplex) by OP:Cu(ll). Autoradiogram of the analytical gel (20% 
acrylamide, 1:20 cross-linkage, 40% urea). Lanes 1-5: m7GpppRNA 
control reaction at 0, 6, 12, 24, and 48 h. Lanes 6-10: m'GpppRNA 
+ 100MMOP:Cu(lI)at0.6, 12. 24, and 48 h. Both reactions included 
IO <JM antisense DNA (5' TCTGAGTAGCAGAGGAGCTC 3') 
preannealed to the internal , ;P-radiolabeled RNA (m'Gppp-
G AGCUCCUCUGCU ACUCAG A)' ; by a heat denaturation. slow cool 
step. Solutions were buffered in 20 mM Hepcs (pH 7.4), 50 mM KCI, 
100 mM NaCI. Reaction temperature was 37 "C. 

the 5'-capped RNA was stable and nonreactive (Figure 3, lanes 
1-5), but in the presence of OPtCu(II) a reaction occurred which 
resulted in the appearance of a single RNA band, with faster 
mobility,13 in increasing amounts over time (lanes 6-10). The 
resulting OPiCu(II) RNA product(s) was not a substrate for the 
human recombinant 5' cap specific binding protein, eIF-4E 
(Figure 4, lane 9).14 Additional experiments showed that the 
OPiCu(II)+ m'GpppRNAiDNA reaction occurred under argon 
and was not dependent upon the amine sulfonate buffer (pH 
6.8).15 No reaction occurred upon the m'GpppRNAiDNA 
substrate in the presence of Cu(II) or o-phenanthroline alone at 
10 and 100 MM, respectively. The uncapped RNA equivalent, 
where the 5' terminus was a hydroxyl group in lieu of m'Gppp-, 
was not a substrate for the OPiCu(II) complex. 

These studies demonstrate that the 5' cap structure of mRN A 
is effectively hydrolyzed by complexes of copper under the given 
conditions. Further investigations will include the analysis of 
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Figure 4. elF-4E:m7GpppRNA gel shift assay: a 5'cap specific product 
analysis. Autoradiogram of the 6% (1:50) nondenaturing acrylamide 
gel. Lane I: m'GpppRNA control reaction at Oh. Lane 2: m'GpppRNA 
+ 100 wM OP:Cu(ll) at 0 h. Lane 3: m'GpppRNA control reaction at 
48 h. Lane 4: m'GpppRNA + 100 nM OP:Cu(II) reaction after 48 h. 
This analysis represents a portion of the 0- and 48-h reaction samples 
analyzed in Figure 3. Each sample was ethanol precipitated and 
resolubilized in buffer (40 mM HEPES, 10OmM KCl. 0.5 mM EDTA, 
pH 7.4) prior to incubation with 1 tiM clF-4E.u 

other metal complexes which are 5' cap specific, yet better suited 
for in vivo therapeutic applications, along with the synthesis and 
analysis of antisense oligonucleotides equipped with such reactive 
moieties. 
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