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s Binding of mRNA 5’ cap by the nuclear cap-binding complex (CBC) is crucial for a wide variety of
mRNA metabolic events. The interaction involving the CBP20 subunit of CBC is mediated by numerous
hydrogen bonds and by stacking of the tyrosine sidechains with two first bases of the capped mRNA. To
examine a possible role of a longer mRNA chain in the CBC—cap recognition, we have synthesized an
mRNA tetramer using a novel way of capping an RNA trimer and determined its affinity for CBC by
[luorescence titration.
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INTRODUCTION

Recognition of 5 mRNA cap structure, m7G(5/)ppp(5')N, by the human nuclear
cap-binding complex (CBC) plays a key role in pre-mRNA splicing, polyadenylation
of the 3’ terminus, U snRNA transport, nonsense-mediated decay and translation
initiation.!"!’ Crystal structures of apo-CBC™®! and CBC-m’GpppG complex!™*!
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revealed a two-partite cap-binding center, in which both 7-methylguanine and
guanine moieties stack with the protein tyrosines. Additionally, numerous
hydrogen bonds and/or salt bridges to acidic and basic amino acid sidechains
stabilize the sugar parts and the phosphate chain of m’GpppG. To examine a
possible role of a longer mRNA chain in specific recognition of CBC, we have
performed synthesis of a tetranucleotide, m’GpppA™ pU™*pA™ using a new
methodological approach and applied the product to fluorescence titration
of CBC.

o
- - OCH
o) 0 E ®
o— ‘ =0 ‘ NH
OH OH O—CH X0

DMF

ZnCl, OH OCH,

OH OH

20 N
] k 7
NH,
o

FIGURE 1 Chemical synthesis of the capped RNA tetramer (III).
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MATERIALS AND METHODS

Expression and purification of CBC was performed according to Mazza et al.l"
The known tetranucleotide,””! m’GpppA™ UmzlpAmzl, was prepared from the
batch of the 5-phosphorylated trimer pA™ pU™ pA™ purchased from TriLink
BioTechnologies (San Diego, CA). A mixture of ammonium salt of the trimer (1.1
mg, 1 pmol), sodium salt of P*imidazolide 7-methylguanosine 5-diphosphate® (2.7
mg, 5 umol), and ZnCly (14 mg, 0.1 mmol) in dimethylformamide (0.3 mL) was
stirred for 24 h at room temperature. The reaction mixture was diluted with 1.5 mL
of EDTA (3.7 mg, disodium salt) solution in water. The product was isolated on
HPLC (Spectra-Physics SP8800) using a reverse-phase Supelcosil LC-18T column
eluted for 15 min with a linear gradient of methanol, 0 to 25%, in 0.05 M ammonium
acetate (pH 5.9), and for the next 15 min at 25% of methanol. After lyophilization,
0.73 mg (0.48 pumol) ammonium salt of m’GpppA™pU™ pA™ was obtained
(vield 48%, predicted molecular mass for free acid: 1463.9, ESI-MS measured mass:
1462.1).

The titration experiments (LS-50B fluorimeter, Perkin-Elmer Co., Norwalk, CT)
were performed at 20°C, in 50 mM HEPES/NaOH pH 7.50, 200 mM NaCl, 10 mM
DTT, and 0.2 mM EDTA, and the data were analyzed as described previously.m

RESULTS AND DISCUSSION

A novel procedure of capping® has been applied for a trimeric RNA fragment
(Figure 1), i.e., coupling of the 5-phosphorylated trimer (II) with the imidazolide
derivative of 7-methylguanosine 5-diphosphate (I) in dimethylformamide, with
anhydrous zinc chloride as a promoter. The previously reported synthesis of tetra-
nucleotide m’GpppA™ pU™ pA™ was achieved by a different approach,” i.e.,
acivation of nucleotide trimer pA™ pU™*pA™? at 5'-phosphate group by imidazole,
and coupling of the product with 7-methyl guanosine diphosphate, the yield 18.6%
(Zuberek et al., personal communication, not cited in Ref. [5]). The new coupling
method was found to be superior over the previous one regarding both the yield
(48% vs. 18.6%) and reproducibility.

The value of the association constant (Kas) for CBC and a tetranucleotide,
m’GpppA™ pU™ pA™ (Table 1), obtained by fluorescence titration (Figure 2), is
similar to Kas for a control dinucleotide, m’GpppA™. The binding free energies
(AG®) do not differ within the experimental error. This suggests that only two first

TABLE 1 Association Constants (K,.) and Binding Free Energies (AG°) Obtained
by Fluorescence Titration

Ligand K, 107° M7 AG® (keal/mol)

m’GpppA™ 193 + 40 Z11.10 £ 012
m’GpppA™ pU™?pA™? 128 + 38 —10.90 + 0.17
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FIGURE 2 Titration curves for mRNA tetramer and a corresponding dinucleotide.

nucleotides at the mRNA 5 terminus are responsible for the specific interaction
with the CBC, while further nucleotides may be involved only in nonspecific
contacts with the protein.

REFERENCES

1. Lewis, J.D.; Izaurralde, E. The role of the cap structure in RNA processing and nuclear export. Eur. J.
Biochem. 1997, 247, 461 -469.

2. Mazza, C.; Ohno, M.; Segref, A.; Mattaj, LW.; Cusack, S. Crystal structure of the human nuclear cap binding
complex. Mol. Cell 2001, 8, 383-396.

3. Calero, G.; Wilson, KF,; Ly, T.; Rios-Steiner, J.L.; Clardy, J.C.; Cerione, R.A. Structural basis of m7GpppG
binding to the nuclear cap-binding protein complex. Nat. Struct. Biol. 2002, 9, 912-917.

4. Mazza, C.; Segref, A.; Mattaj, LW.; Cusack, S. Large-scale induced fit recognition of an m7GpppG cap
analogue by the human nuclear cap-binding complex. EMBO 2002, 27(20), 5548-5557.

5. Zuberek, J.; Wyslouch-Cieszynska, A.; Niedzwiecka, A.; Dadlez, M.; Stepinski, J.; Augustyniak, W.; Gingras,
A-C.; Zhang, Z.; Burley, SK.; Sonenberg, N.; Stolarski, R.; Darzynkiewicz, E. Phosphorylation of elF4E
attenuates its interaction with mRNA 5" cap analogs by electrostatic repulsion: intein-mediated protein ligation
strategy to obtain phosphorylated protein. RNA 2003, 9, 52-61.

6. Sawai, H.; Wakai, H.; Nakamura-Ozaki, A. Synthesis and reactions of nucleoside 5-diphosphate imidazolide.
A nonenzymatic capping agent for 5“monophosphorylated oligoribonucleotides in aqueous solution. J. Org.
Chem. 1999, 64, 5836-5840.

7. Niedzwiecka, A.; Marcotrigiano, J.; Stepinski, J.; Jankowska-Anyszka, M.; Wyslouch-Cieszynska, A.; Dadlez,
M.; Gingras, A.-C.; Mak, P.; Darzynkiewicz, E.; Sonenberg, N.; Burley, S.K; Stolarski, R. Biophysical studies of
eIF4E cap-binding protein: recognition of mRNA 5’ cap structure and synthetic fragments of eIF4G and 4E-
BP1 proteins. J. Mol. Biol. 2002, 379, 615-635.

8. Lewdorowicz, M.; Yoffe, Y.; Zuberek, J.; Jemielity, J.; Stepinski, J.; Kierzek, R.; Stolarski, R.; Shapira, M.;
Darzynkiewicz, E. Chemical synthesis and binding activity of the trypanosomatid cap-4 structure. RNA 2004,
70, 1469-1478.



