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Synthesis of fluorescein labeled 7-methylguanosinemonophosphate
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Abstract—Binding of eIF4E to the cap structure (m7GpppN) plays a critical role in mRNA translation. To study the interaction
between eIF4E and cap, and to identify small molecule inhibitors of their binding, we synthesized a fluorescent-labeled cap analogue
and used it to develop a fluorescence-polarization assay. This preliminary communication describes the synthesis of a fluorescein
labeled 7-methylguanosinemonophosphate, and its dose dependent binding to purified human eIF4E as demonstrated by the
fluorescence polarization assay.
� 2004 Elsevier Ltd. All rights reserved.
Figure 1. Fluorescein labeled 7-methylguanosinemonophosphate.
The cap structure, essential for optimal cap dependent
mRNA translation, possesses a 50-terminal, m7GpppN,
in which a 50-50-triphosphate bridge links the first
nucleoside (N) to the 7-methylguanosine.1 The cap binds
to a phylogenetically highly conserved 25 kDa protein
termed eukaryotic initiation factor 4E (eIF4E). In
higher eukaryotes, the cap function in translation initi-
ation is mediated by the formation of the heterotrimeric
eIF4F initiation complex, which consists of eIF4E,
eIF4A (an RNA helicase) and eIF4G (an adaptor pro-
tein).2 The critical role played by translation initiation in
cell growth and malignant transformation, coupled with
the presence of abnormally high levels of eIF4E in sev-
eral human cancers,3 suggests that the eIF4E–cap
interaction could be a potential target for the develop-
ment of anti-cancer drugs.

Quenching of intrinsic Trp fluorescence in eIF4E4 and
enhancement of 7-methylguanosine fluorescence5 has
been used to assess the direct binding of cap analogues
to eIF4E. Although this method is effective, it cannot be
used to identify potential small molecule inhibitors of
cap–eIF4E interaction in a high-throughput assay. To
address this problem we synthesized a fluorescein
labeled 7-methylguanosinemonophosphate cap ana-
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logue (Flu-cap, Fig. 1). When mixed with purified hu-
man eIF4E, this novel compound induced a dose
dependent increase in fluorescence polarization that we
interpret as the result of its binding to eIF4E.

The synthesis of the fluorescein labeled cap analogue is
summarized in Scheme 1. In a model study, the optimal
protecting groups, the sequence of protection–depro-
tection, and the quarternization of the 7-position
nitrogen on guanosine were identified and optimized
using the 50-O-acetyl guanosine. The amino group at
the 3-position on the guanosine was protected as a
dimethylformamidine and the 3,4-dihydroxy as a di-
methylacetonide, to generate the soluble and fully pro-
tected guanosine 1.6 The protected guanosine 1 was
coupled to the commercially available pivaloyl protected
50-fluorescein phosphoramidate containing a 6-carbon
linker (Glen Research, Sterling, VA, Cat. No. 10-5901)
using phosphoramidate chemistry. Since tetrazole is
no longer commercially available we successfully
used pyridine-trifluoroacetic acid, a safer and cheaper
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Scheme 1. Reagents and conditions: (a) HC(OMe)2NMe2, MeOH, 76%; (b) 50-fluorescein phosphoramidate, PyÆTFA, CH3CN, 65%; (c) NH3 (gas),

THF, 97%; (d) CH3I, CH3CONMe2, 96%; (e) TFA, MeOH, 60%.
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activator to generate the fully protected fluorescein
labeled guanosinemonophosphate analogue 2.7 The base
labile protecting groups viz. pivaloyl, cyanoethyl, and
dimethylformamidine had to be deprotected prior to
quarternization of the N-7 position on the guanosine
(determined from the model system) by bubbling
ammonia in a THF solution.8 The quarternization
proceeded smoothly in N,N-dimethylacetamide with
methyl iodide to provide the 7-methylguanosine ana-
logue as a yellow salt 4.9 The acetonide protecting group
was removed under acidic conditions using TFA at
room temperature10 and the residue crystallized from 3:1
Figure 2. LC–MS of two key intermediates (3 and 4) and the desired final pro

a C18-Xterra column; MS conditions: ESI positive mode.
acetonitrile–water to yield the title compound 5 as an
off-white solid in 27% overall yield (Fig. 2).

The titration of purified human apo-eIF4E with the
fluorescein labeled cap analogue 5 and its competitive
inhibition using unlabeled 7-methylguanosinetriphos-
phate is summarized in Figure 3. Increasing concentra-
tions of human apo-eIF4E resulted in a dose dependent
increase in fluorescence polarization of the fluorescent
labeled cap analogue; consistently, 7-methylguanosine-
triphophate competitively inhibited the binding of the
fluorescence labeled cap to human eIF4E, in a dose
duct (5): LC conditions––1:1 acetonitrile–water with 1% formic acid on



0

10

20

30

40

50

60

70

80

90

0 30 60 90 120

[eIF4E] (µM)

Fl
uo

re
sc

en
ce

 p
ol

ar
iz

at
io

n 
(m

P)

20

30

40

50

60

70

80

90

12.5 25 50 100

[eIF4E] (µM)

Fl
uo

re
sc

en
ce

 p
ol

ar
iz

at
io

n 
(m

P)

0µM - Inhibitor

250µM - Inhibitor

500µM - Inhibitor

Figure 3. Titration of the fluorescein labeled cap analogue 5 at 3 nM with human eIF4E in a fluorescence polarization assay (left). Competitive

inhibition of the fluorescein labeled cap analogue 5 (3 nM) binding to apo-human eIF4E with 7-methylguanosinetriphosphate in a fluorescence

polarization assay (right).
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dependent manner. Taken together, these results suggest
that this fluorescent labeled 7-methylguanosinemono-
phosphate analogue can be used for high-throughput
screening of small molecule libraries for inhibitors of the
eIF4E–cap interaction using a fluorescence polarization
assay. We expect that inhibitors of the eIF4E–cap
interaction would inhibit translation initiation.

Translation initiation and the translational control of
gene expression play a critical role in the physiological
regulation of cell proliferation, as well as in cell trans-
formation and maintenance of transformed pheno-
types.11 Consistently, translation initiation inhibitors
such as clotrimazole,12 eicosapentaenoic acid,13 thiazo-
lidinediones,14 and rapamycin15 inhibit the growth of
cancer cell lines and of tumors in experimental cancer
models. For this reason, inhibitors of translation initi-
ation are considered an emerging new class of mecha-
nism-specific anti-cancer drugs. The fluorescent cap
analogue described in this paper will help current efforts
to identify small molecule inhibitors of eIF4E–cap
interaction with the potential of becoming novel mech-
anism-specific anti-cancer drugs, a major goal and focus
of our laboratory.
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