
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Nucleosides, Nucleotides and Nucleic Acids
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597286

Synthesis of <b>3</b>H and <b>13</b>C Labeled Mrna Cap Dinucleotides—Useful
Tools for Nmr, Biochemical, and Biological Studies
Jacek Jemielitya; Ryszard Stolarskia; Edward Darzynkiewicza

a Department of Biophysics, Institute of Experimental Physics, Warsaw University, Warsaw, Poland

To cite this Article Jemielity, Jacek , Stolarski, Ryszard and Darzynkiewicz, Edward(2007) 'Synthesis of <b>3</b>H and
<b>13</b>C Labeled Mrna Cap Dinucleotides—Useful Tools for Nmr, Biochemical, and Biological Studies', Nucleosides,
Nucleotides and Nucleic Acids, 26: 10, 1315 — 1319
To link to this Article: DOI: 10.1080/15257770701530673
URL: http://dx.doi.org/10.1080/15257770701530673

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597286
http://dx.doi.org/10.1080/15257770701530673
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Nucleosides, Nucleotides, and Nucleic Acids, 26:1315–1319, 2007
Copyright C© Taylor & Francis Group, LLC
ISSN: 1525-7770 print / 1532-2335 online
DOI: 10.1080/15257770701530673

SYNTHESIS OF 3H AND 13C LABELED mRNA CAP

DINUCLEOTIDES—USEFUL TOOLS FOR NMR, BIOCHEMICAL,

AND BIOLOGICAL STUDIES

Jacek Jemielity, Ryszard Stolarski, and Edward Darzynkiewicz � Department
of Biophysics, Institute of Experimental Physics, Warsaw University, Warsaw, Poland

� For deeper understanding the roles of the mRNA cap structure in cellular processes isotopi-
cally labeled dinucleotide cap analogues have been synthesized as tools for NMR and in vivo
studies. Tritium or carbon C-13 labeled methyl iodide was used as a source of the isotope mate-
rial. In order to minimize the number of steps during the radioisotopic synthesis the methylation
with tritium labeled methyl iodide was performed with Gp3G as a substrate. The C-13 isotope was
introduced into the cap dinucleotide by methylation of GDP with C-13 Methyl iodide, followed
by coupling the product with guanosine 5′-phosphorimidazolide in DMF with zinc chloride as a
catalyst.

Keywords 5′ mRNA Cap; tritium; carbon 13; isotope labeling

RESULTS AND DISCUSSION

The cap structure at the 5′-end of eukaryotic mRNA plays a pivotal role
in several cellular processes,[1] including RNA splicing, nucleocytoplasmic
transport, efficient translation, and protection against degradation by cel-
lular 5′-exonucleases. All these processes are extensively studied in vitro
using synthetic cap analogues. We have recently extended our study to
in vivo in order to better understanding of these processes occurring in-
side the cells.[2] A major disadvantage of the in vivo experiments is a dif-
ficulty with detection of the cap analogues inside the cell. Thus, we can
neither verify that such an analogue remains intact over the course of
the measurement, nor we know its intracellular concentration. We have
addressed this problem by synthesizing isotope-labeled cap analogues. We
have developed simple and efficient methods of the synthesis of m7GpppG
labeled in N7-methyl group of 7-methylguanosine moiety either with
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SCHEME 1 Syntheses of m7Gp3G labeled at N7-methyl group with: a) 13C and b) 3H.
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Synthesis of 3H and 13C Labeled mRNA Cap Dinucleotides 1317

FIGURE 1 400 MHz1H NMR and ESI-MS spectra of [7-13C] methylguanosine(5′)triphospho (5′)-
guanosine (m7Gp3G).

carbon 13C or tritium (3H), for NMR and biochemical studies, respectively.
As a source of isotopic material appropriately labeled methyl iodide was
used in both cases. The synthesis of 13C labeled cap analogue was as fol-
lows (Scheme 1a): Guanosine 5′-diphosphate was methylated with [13C]
methyl iodide gave [7-13C]-methylguanosine 5′-diphosphate, and the prod-
uct was coupled with guanosine 5′ phosphorimidazolide in DMF contain-
ing zinc chloride.[3,4] According to MS and NMR studies (Figure 1) the
enrichment of 13C isotope in 7-methyl group of the final product [7-13C]-
methylguanosine(5′)triphospho(5′)-guanosine, was over 99%.

In the case of radioisotopically labeled mRNA cap analogues, in order
to minimize the number of steps with the radioactive material an alternative
route of synthesis was used (Scheme 1b) Gp3G was methylated with equimo-
lar quantity of [3H]-methyl iodide. Similar approach was applied previously
for the synthesis of unlabeled mRNA cap analogues, where 3-fold molar ex-
cess of “cold” methyl iodide was used.[5,6] After 6 hours the reaction was
quenched at 50% yield of the desired product ([7-3H]-m7Gp3G), 20% of the
double methylated by-product ([7-3H]-m7Gp3m7G), and 25% of unreacted
Gp3G, as shown by HPLC (Figure 2). Both radiolabeled products were pu-
rified using preparative RP HPLC, and their specific activity after lyophiliza-
tion was determined using a scintillation counter and liquid scintillators for
the aqueous samples (8.4 MBq/mg).

In summary, we have synthesized dinucleotide cap analogues specifi-
cally labeled in N7-methyl group of 7-methylguanosine moiety with C-13
and tritium. The C-13 labeled analog shows high enrichment of C-13 iso-
tope in N7-methyl position (over 99%). Tritium labeled cap analogue was
synthesised according to procedure in which only one step involved use of
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FIGURE 2 HPLC separation of the reaction mixture on RP column, Waters Nova-Pak C18, 6 mm 19 ×
300 mm, with a linear gradient of B, 0% to 100% in A, for 45 minutes; A, 0.05 M CH3COONH4, pH =
5.9; B, 1:1 (v/v) mixture of buffer A and methanol.

radioisotopes. The product was obtained with moderate yield and relatively
high specific activity (7.17 GBq/mmol). Both dinucleotides appeared to be
useful tools for studying the processes in which mRNA cap is involved. Their
use in NMR and in vivo studies is under investigation and will be reported
elsewhere.
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