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Scavenger decapping enzymes (DcpS) are involved in eukaryotic mRNA degradation process. They
catalyze the cleavage of residual cap structure m’GpppN and/or short capped oligonucleotides resulting
from exosom—mediated the 3’ to 5’ digestion. For the specific cap recognition and efficient degradation
by DcpS, the positive charge at N7 position of guanine moiety is required. Here we examine the role the
N7 substitution within the cap structure on the interactions with DcpS (human, Caenorhabditis elegans
and Ascaris suum) comparing the hydrolysis rates of dinucleotide cap analogs (m’GpppG, et’GpppG,
but’GpppG, bn’GpppG) and the binding affinities of hydrolysis products (m’GMP, et’GMP, but’GMP,
bn’GMP). Our results show the conformational flexibility of the region within DcpS cap-binding pocket
involved in the interaction with N7 substituted guanine, which enables accommodation of substrates
with differently sized N7 substituents.

© 2015 Elsevier Inc. All rights reserved.

1. Introduction

Eukaryotic mRNAs are modified at the 5’ end with a cap struc-
ture (m’GpppN, where N = AGC or U) consisting of 7-
methylguanosine attached to the first transcribed nucleotide of
mRNA chain through an unusual 5’-5’' pyrophosphate bond [1,2].
This terminal distinctive mark plays an essential role in the post-
transcriptional control of gene expression. It allows to recognize
mRNA 5 end by specific proteins involved in various cellular

Abbreviations: A. suum., Ascaris suum; C. elegans, Caenorhabditis elegans; CBC,
cap-binding complex; DcpS, decapping scavenger; DTT, dithiotreitol; eIF4E,
eukaryotic initiation factor 4E; HIT, histidine triad; HPLC, high performance liquid
chromatography.

* Corresponding author.
E-mail address: e.bojarska@cent.uw.edu.pl (E. Bojarska).
! These authors contributed equally to this work.

http://dx.doi.org/10.1016/j.bbrc.2015.06.001
0006-291X/© 2015 Elsevier Inc. All rights reserved.

processes, including intracellular transport, translation and decay
[3]. In the nucleus, cap interacts with CBC complex participating in
the nuclear export [4]. In the cytoplasm, cap recognition by elF4E is
a rate-limiting step in translation initiation [5]. In mRNA degrada-
tion, the cap is bound and hydrolyzed by specific pyrophospha-
tases: DcpS, Dcp2, Nudt16 [6—8].

mRNA degradation is a tightly regulated process which elimi-
nates defective transcripts from the cells and allows adaptation to
environmental changes. The decay of mRNA occurs via two general
pathways, in 5 — 3’ or 3’ — 5’ direction, both initiated by the
shortening of the poly(A) tail [6,9]. In the 5 — 3’ decay, dead-
enylated mRNAs are subject to decapping enzyme Dcp2 generating
m’GDP and 5’ phosphorylated RNA chain. The 3' — 5’ decay is
carried out by a cytoplasmic multisubunit exosome complex and
the resulting cap dinucleotide (or short oligonucleotide) is subse-
quently hydrolyzed by the scavenger decapping enzyme (DcpS)
[6,10]. Hydrolysis of the cap structure releases m’GMP and ppN or

j-bbrc.2015.06.001

Please cite this article in press as: K. Piecyk, et al., Effect of different N7 substitution of dinucleotide cap analogs on the hydrolytic susceptibility
towards scavenger decapping enzymes (DcpS), Biochemical and Biophysical Research Communications (2015), http://dx.doi.org/10.1016/



Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
mailto:e.bojarska@cent.uw.edu.pl
www.sciencedirect.com/science/journal/0006291X
www.elsevier.com/locate/ybbrc
http://dx.doi.org/10.1016/j.bbrc.2015.06.001
http://dx.doi.org/10.1016/j.bbrc.2015.06.001
http://dx.doi.org/10.1016/j.bbrc.2015.06.001

2 K. Piecyk et al. / Biochemical and Biophysical Research Communications xxx (2015) 1-5

diphosphate terminated oligonucleotides shorter than 10 nucleo-
tides [6,10].

Decapping scavengers have been identified in various species,
from yeast to mammals [11—13]. However, the hydrolytic activity
and binding affinity have been well characterized for human and
Caenorhabditis elegans DcpS, indicating that these two enzymes
differ in substrate length and capacity to hydrolyze trimethyleted
cap analogs [14,15]. For the specific cap recognition and efficient
degradation by DcpS, the following structural features are required:
(1) the positive charge at the N7 position of guanine moiety, (2)
2'0H and 3’0OH groups in the ribose ring of 7-methylguanosine, (3)
at least triphosphate groups in the phosphate bridge [15]. Various
cap analogs modified within pyrophosphate bridge, ribose ring of
7-methylguanosine and the second nucleoside were synthesized to
study their binding affinities and hydrolytic susceptibilities to-
wards decapping scavengers [16—18]. It was shown that modifi-
cations within the phosphate chain affects binding affinity
depending on the type and the position of a substituent, and the
methylation of 2’0OH or 3’0OH group in the ribose ring of 7-
methylguanosine significantly decreases the binding affinity and
hydrolysis [15].

The impact of N7 substitution has not been investigated so far.
The initial kinetic studies performed for recombinant C. elegans
DcpS indicate that this enzyme accepts as substrates dinucleotides
with differently sized substituents (methyl, ethyl and benzyl) at N7
position [17]. To further investigate the effect of N7 substitution, we
performed the comparative studies on the influence of alkyl or
benzyl groups introduced at N7 position of guanine moiety of cap
analogs on their substrate properties towards decapping scaven-
gers from different species: human, C. elegans and A. suum. We
examined hydrolytic susceptibility of dinucleotide cap analogs:
m’GpppG ~ (7-methylGpppG),  et’GpppG  (7-ethylGpppG),
but’GpppG (7-butylGpppG), bn’GpppG (7-benzylGpppG) and
binding affinities of their mononucleotide counterparts m’GMP,
et’GMP, but’GMP, bn’GMP.

2. Materials and methods
2.1. Materials

Cap analogs investigated in this work were synthesized ac-
cording to the methods described earlier [19—21]. Decapping
scavengers: human DcpS (HsDcpS), C. elegans DcpS (CeDcpS) and
A. suum DcpS (AsDcpS) were expressed in Escherichia coli and pu-
rified as His-tagged proteins by affinity chromatography using Ni-
NTA agarose under native conditions. To obtain homogeneous
fractions of DcpS, recombinant enzymes were further purified by
gel filtration through a Pharmacia Superdex-200 column (GE
Healthcare Bioscience AB) connected to AKTA FPLC system (Phar-
macia-Biotech) [14]. The concentration of cap analogs and DcpS
enzymes were estimated from their molar absorption coefficients
[14,22].

2.2. Enzymatic assays

The hydrolytic activity of recombinant DcpS was assayed in
50 mM phosphate buffer pH 7.2 containing 150 mM NaCl and 1 mM
DTT, at 20 °C. Initial cap concentration for DcpS-mediated hydro-
lysis was 20 uM. Before each experiment, 1 mL of buffer solution
containing the investigated compound was incubated at 20 °C for
10 min. The hydrolysis process was initiated by the addition of
recombinant DcpS. After 5, 10, 15 and 20 min of the hydrolysis,
150 pL aliquots of the reaction mixture were withdrawn and
incubated at 97 °C during 3 min to stop the reaction by heat inac-
tivation of the enzyme. The samples were then subjected to

analytical HPLC (Agilent 1200 Series) equipped with a reverse-
phase Supelcosil LC-18-T column and UV/VIS detector. Substrate
and products were eluted at room temperature with a linear
gradient of methanol in 0.1 M KH,PO4 (from 0% to 25% for
m’GpppG and et’GpppG, from 0% to 40% for but’GpppG, from 0% to
50% for bn’GpppG) over 15 min at a flow rate of 1.3 mL/min. The
changes of absorbance at 260 nm were monitored continuously
during the analysis. Hydrolysis products were identified by com-
parison of their retention times with the reference samples. The
extent of decapping determined as the percentage of hydrolyzed
substrate was calculated from the area under the chromatographic
peak of respective dinucleotide.

2.3. Determination of association constants by fluorescence
titration experiments

DcpS binding affinities for mononucleotide cap analogs were
determined by monitoring the quenching of intrinsic Trp fluores-
cence of the proteins. The experiments were performed on LS-55
spectrofluorometer (Perkin—Elmer) in a quartz cuvette (Hellma)
with an optical path length of 4 mm for absorption and 10 mm for
emission. All measurements were performed at 20 °C, in 50 mM
phosphate buffer (pH 7.2) containing 150 mM NaCl and 1 mM DTT.
Aliquots of 1 pL of respective cap analog solution of increasing
concentration (from 2 uM to 1 mM) were added to 1 mL of DcpS
solution (initial concentration 0.2 uM). The fluorescence intensity
was monitored at 340 nm with a 4—5 nm bandwidth (excitation at
280 nm with a 5 nm bandwidth) and corrected for sample dilution
and inner filter effects. The equilibrium association constants for
single titrations (K,s) were determined by fitting the theoretical
dependence of the fluorescence intensity on the total concentration
of the cap analog to the experimental data points using the previ-
ously described equation [16]. The final Kys were calculated as
weighted averages of 3 independent titrations, with the weights
taken as the reciprocal standard deviations squared. The numerical
least-squares non-linear regression analysis was performed using
ORIGIN 9.0.

3. Results

3.1. Comparison of hydrolytic susceptibility of dinucleotide cap
analogs modified at N7 position

The influence of N7 substitution on the hydrolytic suscepti-
bility of dinucleotide cap analogs to decapping scavengers has
been examined by comparison the hydrolysis efficiency of
et’GpppG, but’GpppG and bn’GpppG with natural substrate
m’GpppG. As presented in Fig. 1, all investigated dinucleotides are
hydrolyzed by human and both nematode DcpS. However, small
differences are observed in their substrate properties towards
human and nematode DcpS. The comparison of the kinetic results
indicates that introduction of a bulkier substituent at N7 position
significantly increases the hydrolytic susceptibility of dinucleotide
cap analogs for nematode decapping scavengers. For CeDcpS,
but’GpppG occurs to be the most efficiently hydrolyzed substrate,
about 2.5-times faster than m’GpppG. For AsDcpS, the hydrolysis
rate increase about 2-times for et’GpppG, but’GpppG and
bn’GpppG. Different effect is observed in the case of HsDcpS, for
which the natural substrate m’GpppG is hydrolyzed more efficient
in comparison with et’GpppG, but’GpppG and bn’GpppG. The
results show that decapping scavengers from different species
accept as substrates dinucleotides with differently sized sub-
stituents (ethyl, butyl, benzyl) instead of methyl group at N7 po-
sition. The accommodation of substrates with bulkier N7
substituent indicate the important role of the conformational
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