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Exploring PAZ/3'-overhang interaction to improve siRNA specificity.
A combined experimental and modeling study

The chemical modification of small interfering RNA (siRNA) is a prerequisite
to boost its therapeutic performance. A rational approach was conducted
to design safe and powerful sSiRNA molecules by modifying siRNA
3'-overhangs with nucleotide analogues differing in structural parameters.
Experimental results and Molecular Dynamics simulation consistently
evidence the existence of a direct connection between PAZ/3'-overhang
binding affinity and siRNA's potency and specificity. A higher silencing effect
is correlated with a moderate-to-strong PAZ/3'-overhang binding affinity.
Lower binding energies compromise silencing siRNA potency, increase
selectivity and favour downregulation by Ago2-independent mechanisms.
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The understanding of the dynamical and mechanistic aspects that lie behind siRNA-based gene regulation is
a requisite to boost the performance of siRNA therapeutics. A systematic experimental and computational
study on the 3'-overhang structural requirements for the design of more specific and potent siRNA
molecules was carried out using nucleotide analogues differing in structural parameters, such as sugar
constraint, lack of nucleobase, distance between the phosphodiester backbone and nucleobase,
enantioselectivity, and steric hindrance. The results established a set of rules governing the siRNA-
mediated silencing, indicating that the thermodynamic stability of the 5'-end is a crucial determinant for
antisense-mediated silencing but is not sufficient to avoid sense-mediated silencing. Both theoretical
and experimental approaches consistently evidence the existence of a direct connection between the
PAZ/3'-overhang binding affinity and siRNA's potency and specificity. An overall description of the
systems is thus achieved by atomistic simulations and free energy calculations that allow us to propose
a robust and self-contained procedure for studying the factors implied in PAZ/3'-overhang siRNA

interactions. A higher RNAI activity is associated with a moderate-to-strong PAZ/3'-overhang binding.
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downregulation by Ago2-independent mechanisms. This work provides in-depth details for the design of
DOI: 10.1039/c85c00010g powerful and safe synthetic nucleotide analogues for substitution at the 3'-overhang, enabling some of

rsc.li/chemical-science the intrinsic siRNA disadvantages to be overcome.

Introduction

The discovery of the RNA interference (RNAi) pathway* and the
identification of the small interfering RNA (siRNA) molecule as
an RNAi trigger® have simplified the study of gene function and
attracted a great deal of attention to the development of next-
generation medicine, able to treat any disease-related gene.**
Over the past 15 years, remarkable advances were reported in
the development of siRNA-based therapeutics, enlarging the
number of ongoing clinical trials and patents in this field.>® The
challenges in converting siRNA molecules into efficient drugs
are their easy degradation under physiological conditions, their
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unwanted gene silencing, commonly called off-target effects,
their potential to trigger innate immune responses, and their
low ability to be internalized in cellular compartments. To
circumvent these intrinsic siRNA disadvantages, two strategies
are commonly adopted: (i) the chemical modification of the
basic building blocks of the natural siRNA and (ii) the incor-
poration of siRNA molecules into smart vehicles to facilitate cell
delivery.*” The development of chemical modifications has
been the focus of recent research, in which attention has been
directed towards RNA modifications that enable the avoidance
of sense strand-mediated and miRNA-like off-targeting
effects.>™**

In more detail, the ability of the RNAi machinery to control
gene expression essentially relies on preventing translational
initiation,”® while in contrast, the introduction of synthetic
siRNA molecules into cells results in sequence-specific endo-
nucleolytic cleavage of the target mRNA.* The siRNA molecules
are short double-stranded RNAs, approximately 21 nucleotides
(nt) in length, bearing 2-nt overhangs at both 3’-ends. One
strand is named antisense (AS) or guide, whereas the comple-
mentary strand is termed sense (SS) or passenger. The siRNA
molecule is initially incorporated into the RISC in double

This journal is © The Royal Society of Chemistry 2018
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stranded fashion, then a process called RISC maturation results
in the dissociation of siRNA SS from AS, permitting the recog-
nition of the target messenger RNA (mRNA).”* The process of
siRNA loading requires the action of the RISC-Loading Complex
(RLC), which includes the DICER, Argonaute2 (Ago2) and TRBP
(HIV-1 TAR RNA Binding Protein) proteins.'*” The Ago2
protein, known as the slicing effector of the RNAi process, is
a cradle-shaped protein of four domains: MID (middle), PIWI
(P-element-induced wimpy testes), PAZ (Piwi/Argonaute/Zwille),
and N-terminal. The PIWI domain folds into an RNase H-like
structure and contains the catalytic triad “DDH” necessary for
slicing activity. The N-terminal domain, acting as a molecular
wedge, supports the siRNA unwinding process during the RISC
maturation step. Both termini of the siRNA AS bind to the MID
and PAZ domains; the MID anchors the 5'-phosphorylated end
whereas the 3’-overhang is buried into the PAZ cleft.'****° The
incorrect loading of the siRNA strand into RISC has double
negative effects (i) the downregulation of those RNA sequences
complementary to SS and (ii) the reduction of the freely avail-
able RISC for AS-mediated silencing.”* The synthetic siRNA may
in addition function like a natural microRNA (miRNA), sup-
pressing the translation of genes through the interaction
between the seed region of siRNA AS, in positions 2-8 from 5'-
end, with the 3-UTR of mRNA only requiring partial
homology.*

The combination of computational and experimental
methodologies has recently permitted description of the Ago2
conformational changes (e.g. the two-state model of the PAZ/3’-
overhang assembly and the lodge/dislodge motion of the AS 3'-
overhang from the PAZ domain) essential for siRNA unwinding,
target recognition and slicer-dependent silencing.***® To ach-
ieve valuable insights about the role of the Ago2’s PAZ domain
in gene silencing, diverse theoretical approaches, such as
protein-siRNA docking,>*¢ all atom molecular dynamics (MD)
simulations**® or the combination of more than one approach,
have been employed.****?*" The introduction of natural and
chemical modifications at the 3’-overhang,>**?® 5'-end,>**>**
central positions and seed region*** of the siRNA molecule has
allowed for understanding their effect on the Ago2 functional
mechanisms. In addition, the siRNA properties, such as ther-
modynamic asymmetry, A-form helix, central mismatches/
bulges, and target strand accessibility have been determined
as pivotal hallmarks for siRNA-mediated gene silencing.**>** A
direct correlation between the PAZ/3’-overhang binding affinity
and siRNA potency/specificity has been suggested through
experimental and theoretical approaches.*»***° Nevertheless,
there is still controversy about whether the presence of a PAZ
domain is important for siRNA recognition, and also, whether
stronger or weaker binding with the PAZ domain facilitates or
hampers RNAi activity.>****™** Despite recent advances,
a systematic study on how the PAZ/3’-overhang binding affini-
ties are modulated by the 3’-overhang structure is still lacking.
Also, no systematic studies on SS-mediated off-target silencing
have been reported.

Herein, we aim to analyze experimentally the contribution of
the 3’-overhang structure in the AS-/SS-mediated silencing of
siRNA molecules bearing chemical modifications at the 3'-
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overhang, including thymidine (dT), 2’-O-methyl-uridine (OMe),
phosphorothioate thymidine (PS), -threoninol-acridine (ACR),
2-deoxyribitol (RIB), thymine glycol nucleic acid (GNA), B-t-
thymidine (MIR) and i-threoninol-thymine (THR) (see Fig. 1).
The importance of both siRNA overhangs is also assessed using
siRNA with blunt ends. Further insights into the potential role
of TRBP and Ago2 in AS-/SS-mediated silencing and cleavage-
dependent gene downregulation are also provided. In
a complementary part, a complete theoretical study based on
MD simulations is performed to evaluate the thermodynamic
and structural parameters involved in the interaction of the
most representative analogs studied experimentally with the
PAZ domain of human Argonaute (hAgo).

Results
Silencing potencies of 3’-modified siRNAs

To investigate the contribution of the 3’-overhang to siRNA
potency, we first modified the end nucleotides of the AS- and SS-
siRNA strands, see Fig. 1 and Tables S1 and S27 for the siRNA
design details. The 3’-overhang modifications can be generally
sorted into five classes: (i) thymidine (dT), 2’-O-methyl-uridine
(OMe), and phosphorothioate (PS), belonging to commonly
used residues; (ii) thymine glycol nucleic acid (GNA) and 1-
threoninol-thymine (THR), two acyclic nucleotide mimetics; (iii)
B-i-thymidine (MIR), an enantiomer of the natural thymidine;
(iv) r-threoninol-acridine, an acyclic derivative attached to
a bulky aromatic ring system (ACR), and (v) 2-deoxyribitol (RIB),
an abasic derivative. These modifications were selected to
provide complete insight into the role of the physico-chemical
nature of modified nucleotides on the siRNA potency, such as
sugar constraint, lack of nucleobase, distance between the

TL)\ Ti

SS strand
O 3
3

AS strand
Fig. 1 The chemical modifications used in this study. (a) 2'-Deoxy-
thymidine (dT); (b) 2'-O-methyl-uridine (OMe); (c) phosphorothioate
thymidine (PS); (d) B-L-2'-deoxythymidine (MIR); (e) 1,4-anhydro-2-
deoxy-p-ribitol (RIB), (f) acridinyl-L-threoninol (ACR); (g) thymine
glycol nucleic acid (GNA) and (h) L-threoninol-thymine (THR). The
schematic representation of siRNA illustrates the nucleotide sequence,
where X defines the position for chemical modification conjugation.
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phosphodiester backbone and nucleobase, enantioselectivity,
and steric hindrance.

As a measure of the siRNA potency, the half-maximal
inhibitory concentration (ICs,) values were quantified in the
HeLa cells using dual luciferase assay (see Table 1). siRNA
modified with two dT nucleotides at the 3’-overhang (wt) was
considered as the control. As shown in Table 1, the lack of
nucleobase at the AS 3’-overhang (RIB2) has a detrimental effect
on the siRNA efficiency causing a drastic reduction in the ICs,
values to about 5-fold lower with respect to the wt (RIB2 = 34.1
pM vs. wt = 6.3 pM). A reduction in the siRNA potency was also
observed for the siRNA carrying MIR (MIR2 = 8.2 pM) and ACR
(ACR2 = 7.7 pM) demonstrating that there might be some
degree of enantioselectivity in PAZ recognition and confirming
the negative effect of the bulky aromatic derivatives at the 3’-end
of the AS, as described elsewhere.*®*** The GNA and PS moieties
gave rise to similar ICs, values, GNA2 = 6.4 pM and PS2 = 5.1
pM, resembling the value obtained for wt. OMe and THR are
clearly the most active modifications applied (OMe2 = 4.4 pM
and THR2 = 3.3 pM), but the conjugation of THR in the 3'-
overhang of AS leads to the highest degree of siRNA silencing.

Theoretically, due to the rational design of our siRNA
sequence,**® the modification of AS 3’-overhang with high-
affinity derivatives for PAZ binding should enhance the prefer-
ential incorporation of the AS leading to weaker SS-mediated
silencing. The values of ICs, obtained for siRNAs modified at
the SS present a narrow distribution, showing a lower contri-
bution of the complementary strand to the overall potency of
siRNA. In fact, the potency of siRNA is considered to be inter-
connected with the binding affinity of the PAZ/3’-overhang
siRNA, according to the two-state model of Argonaute action.?>?
A rationale for these results will be provided by MD simulations.

The 3'-overhang structural features of the canonical siRNA
duplex affect the SS-mediated off-target silencing

For the success of siRNA therapeutics, the development of
chemical modifications able to attain, simultaneously, high

Table 1 The half maximal inhibitory concentration (ICsq, pM) of
3'overhang-modified siRNAs

3/-End, 3/-End,
siRNA AS strand SS strand Potency (ICso + SD)
wt dT drT 6.3 £ 0.5
OMe2 OMe dT 4.4 £ 0.6
PS2 PS dT 5.1 £ 0.3
RIB2 RIB dT 34.1 £ 0.5
ACR2 ACR dT 7.7 £0.5
MIR2 MIR dT 8.2 +0.7
GNA2 GNA dT 6.4+ 0.4
THR2 THR dT 3.3+£0.6
OMe3 dT OMe 5.6 £ 0.5
PS3 dT PS 7.3 £0.2
RIB3 dT RIB 8.2+ 0.4
ACR3 dT ACR 4.3 £0.7
MIR3 dT MIR 9.1+ 0.4
GNA3 dT GNA 5.9+ 0.5
THR3 dT THR 7.5+ 0.4
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silencing efficiency and on-target specificity is required to
overcome the inherent siRNA hindrances. In order to evaluate
the influence of the chemical modifications anchored at the 3’
overhang, either in the AS- or SS-mediated silencing, psi-
CHECK2 vectors assay was carried out.

Comparing the data shown in Fig. 2A and B, a high consis-
tency between the values is obtained for AS-mediated silencing,
revealing in all cases high silencing efficacy. This suggests that
siRNA specificity is mainly driven by the thermodynamic
stability of the siRNA duplex and secondarily affected by the 3'-
overhang composition. SS-mediated silencing is generally less
efficient in Renilla knockdown, and interestingly, this response
is strongly influenced by the composition of the 3’-overhang.
For instance, the introduction of RIB (RIB3) and ACR (ACR3)
moieties at the SS 3’-overhang produces a reduction of the SS-
mediated silencing, enhancing the siRNA silencing specificity
(Fig. 2B). In the presence of OMe3 and PS3, the values of AS- and
SS-mediated silencing are comparable. A fairly degree of
silencing specificity is found for SS modified with MIR3, GNA3
and THR3. Interestingly, the modification of AS with THR,
correspondent to THR2, promotes the highest silencing potency
(Table 1), and in addition, its level of silencing specificity is also
the highest among all modifications tested (Fig. 2A).

Our data demonstrates that through chemical modification
of the 3’ overhangs of both AS and SS, we can modulate the
extent of SS-mediated off-target silencing, proving not only the
importance of this overhang to RISC incorporation but also that
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Fig. 2 The AS/SS-mediated silencing analysis of the canonical siRNA
molecules bearing chemical modifications at the 3’-overhang. The
knockdown efficiency of the antisense (AS) and sense (SS) strands is
plotted as a percentage (SD; n = 3) of the normalized Renilla luciferase
expression. The luciferase activity of the mock transfected cells (only
vectors) was designed as 100%. All tested siRNAs were transfected at
a concentration of 1 nM and the silencing activities were measured at
24 h post-transfection. (A) unmodified (wt) and AS 3'-overhang
modified siRNAs (OMe2, PS2, RIB2, ACR2, MIR2, GNA2, and THR2), (B)
SS 3’'-overhang modified siRNAs (OMe3, PS3, RIB3, ACR3, MIR3, GNA3,
and THR3), (C) unmodified (wt5) and AS 3'-overhang modified siRNAs
(OMe5, PS5, RIB5, ACR5, MIR5, GNAS5, and THR5) and blunt-ended SS,
and (D) unmodified (wt4) and SS 3’-overhang modified siRNAs (OMe5,
PS5, RIB5, ACR5, MIR5, GNAS5, and THR5) and blunt-ended AS.
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this approach is valuable for siRNA-driven

specificity.

improving

The presence and nature of the 3'-overhang regulate the SS-
mediated off-target silencing

To further examine the correlation between the modification at
the 3’-overhang and siRNA silencing specificity, the 3’-overhang
was trimmed from both the siRNA strands and the AS-/SS-
mediated silencing was measured, see Fig. 2C and D.

Comparing the references of the blunt-ended siRNAs, wt4
and wt5, with the general reference, wt (Fig. 2A), differences in
the Renilla expression can be seen, especially when the SS
overhang is trimmed. Indeed, looking at the AS/SS silencing
profile of the SS-blunt ended siRNAs (Fig. 2C), a general
improvement of the siRNA specificity is observed, compared to
the canonical siRNAs (Fig. 2A), confirming that the design of
structurally asymmetric siRNAs could be exploited for the
production of siRNA molecules with a higher degree of
specificity.

An exception is found for OMe modification (OMe5), where
the results with blunt-ended SS mirror the AS/SS silencing
abilities of the canonical siRNAs OMe2 and OMe3. A large
improvement of the siRNA specificity is obtained by the modi-
fication of the AS 3’-overhang with THR residues with blunt-
ended SS, eliminating almost completely the SS-mediated off-
target silencing. In addition, data illustrates that the impair-
ment of SS-mediated silencing depends on the nature of the AS
3’-overhang, and a good correlation exists between the data of
Fig. 2A and C, despite the distinct magnitudes.

On the other hand, if the 3’-overhang belonging to AS is
trimmed, regardless of the modification in the SS 3'-overhang,
the SS-mediated silencing of the blunt-ended antisense siRNAs
(Fig. 2B) is powerful, and the siRNA specificity is poor. These
findings provided further evidence on the hypothesis claiming
a rule hierarchy for strand incorporation and SS-mediated
silencing. The strong activity of AS (=95% of Renilla expres-
sion) leads to consideration of the siRNA thermodynamic
asymmetry as the principal determinant for siRNA activity,
while the composition and presence of the siRNA 3’-overhangs,
acting as auxiliary elements, are especially important for siRNA
specificity.

The AS-mediated silencing profile of the AS 3'-overhang
modified siRNAs depends on the cellular competitive
environment

Next, we sought to evaluate how the silencing profile of our
modified siRNA molecules might change in the presence of
non-active siRNAs with different competitive characteristics. In
what follows, we focused our attention on the modifications
that were shown to be more relevant in terms of their silencing
potency and specificity. We reasoned that the competition
between an active and non-active (scramble) siRNA bearing
both 3’-overhangs might impact stronger on the siRNA activity
compared to a competitor lacking both 3’ dangling ends. In
light of this hypothesis, we assessed the AS-mediated silencing
of the siRNAs bearing the dT, OMe, PS, RIB, ACR, and THR

This journal is © The Royal Society of Chemistry 2018
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modifications in the presence of canonical scrambled siRNA
(SCR), blunt-ended scrambled siRNA (BLT), as well as free-RISC
siRNA (unable to be loaded into the Ago proteins) (Fig. 3).

As expected, the competition is more pronounced in the
presence of scramble siRNA bearing both 3’-overhangs (AS +
SCR) compared to the blunt-ended competitor (AS + BLT). The
trend obtained for modified siRNA is reproducible for all
competitors tested, showing an AS-mediated silencing activity
of the wt, OMe2, PS2, and THR2 siRNAs stronger than for RIB2
and ACR2 siRNA. Interestingly, ACR2 siRNA is always the most
effective in silencing and maintains approximately the same
percentage of silencing in the presence of any competitor.

These data indicate that the incorporation of siRNA with
overhangs is preferred over the incorporation of their struc-
turally blunt-ended variants, thereby corroborating the AS- and
SS-mediating findings. Furthermore, the different behavior
found for ACR might suggest additional non-specific interac-
tions that should be explored in more detail.

The presence of the TRBP protein plays a role in AS/SS-
mediated silencing

The TRBP protein is an important RNAi co-factor involved in
Dicer processing and in sensing the siRNA asymmetry."” The
Dicer/TRBP complex binds the siRNA directionally: siRNA’s less
stable end is preferentially bound by Dicer, whereas TRBP
interacts with the more stable end. In order to determine
whether the TRBP asymmetry sensing features might be
important for the siRNA specificity, we transfected the MEF and
TEF TRBP '~ cells with several modified siRNA molecules
(Fig. 4A-D). In the presence of TRBP, the siRNA specificity

120, M AS M AS+SCR  []AS+BLT

I AS + FREE

-
(=3
o

60

% Renilla expression

Fig. 3 The AS-mediated silencing of the antisense 3’'-overhang
modified siRNA molecules in the presence of non-active siRNA
competitors; SCR (scrambled non-active siRNA bearing both 3'-
overhangs), BLT (scrambled non-active siRNA without both 3'-over-
hangs) and FREE (non-active RISC-free siRNA). siRNA competitors
were added 4 h prior to siRNA transfection at a concentration of
30 nM. The AS 3'-overhang modified siRNA molecules were trans-
fected at a concentration of 1 nM and the silencing activities were
measured at 24 h post-transfection (n = 3 + SD). As a control, the
luciferase activity of the cells transfected with the vector alone and
vector plus competitors were assessed. No downregulation of the
Renilla expression was observed. The luciferase activity of mock
transfected cells (vector plus competitors for AS 4+ SCR, AS + BLT, AS +
FREE, or the vector alone for AS) was set as 1007%.

Chem. Sci,, 2018, 9, 2074-2086 | 2077


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/c8sc00010g

Open Access Article. Published on 15 January 2018. Downloaded on 2/20/2026 6:29:42 PM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

Chemical Science

showed similar silencing pattern in both the MEF and HeLa
cells (Fig. 2 and 4), ACR3 being the only exception.

For SS-mediated silencing, the absence of TRBP affects the
silencing to the largest extent. As a general trend, a reduction of
the SS-mediated silencing is observed for the modifications of
OMe, PS and THR conjugating to AS (OMe2, PS2, and THR2).
Conversely, the siRNAs RIB2 and ACR2 preserve the percentages
of silencing either in the presence or absence of TRBP. In the
case of having the SSs modified, in general, a reduction can be
seen in SS-mediated silencing for modifications OMe3, PS3,
ACR3 and THR3 and there is no effect on RIB3. Thus, the
selection carried out by TRBP seems to depend on the nature of
the 3’-overhang modifications and on the strand selected.

These data suggest that, without the TRBP protein, the 3'-
overhang structural asymmetry plays a stronger role in siRNA
specificity, but interestingly, there are exceptions for RIB2 and
ACR2. Likely, the absence of TRBP that bridges Dicer to Ago2
might preferentially commit the sensing of the siRNA asym-
metry to the Ago2 protein.

The structure of the 3'-overhang is decisive for Ago2-
dependent gene silencing

Upon observing large differences in the silencing potencies and
specificities imposed by our modified siRNAs, along with some
pieces of evidence supporting the existence of different path-
ways of silencing, we wondered how these modifications might
impact on the Ago2 function. To investigate whether the
improper recognition by Ago2 and/or altered hybridization with
target mRNA is the basis of the silencing outcomes, the Ago2-
mediated silencing was inspected (Fig. 5).

Interestingly, our results show that the RIB2 and ACR2 siR-
NAs are able to downregulate the target mRNA in the MEF and
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Fig. 4 The AS/SS-driven silencing profile of the canonical siRNA
molecules in the MEF and TEF TRBP~/~ cells. The knockdown effi-
ciency of the antisense (AS) and sense (SS) strands is plotted as
a percentage (n = 3 4+ SD) of the normalized Renilla luciferase
expression. The luciferase activity of the mock transfected cells (only
vectors) was designed as 100%. All the tested siRNAs were transfected
at a concentration of 1 nM and the silencing activities were measured
at 24 h post-transfection in the MEF and TEF TRBP~/~ cells.
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MEF Ago2 '~ cells. Indeed, RiB2 can effectively reduce mRNA
silencing in ca. 50% in the absence of Ago2. In contrast, OMe2,
PS2 and THR2 are shown to completely abolish their silencing
effect, when transfected in cells without Ago2. The Ago2-
independent silencing ability of ACR2 and RIB2 might rely on
Agol-mediated silencing or enhanced mRNA decay. Thereby,
these results clearly demonstrate that, depending on the
modifications introduced at the 3’-overhang of siRNA, different
siRNA silencing pathways are activated.

The interaction between the modified siRNA 3'-overhangs and
the PAZ domain is modeled by molecular dynamics

The experimental findings consistently indicate a dependency
of the measured parameters on the nature of the chemical
modifications introduced at the last two nucleotides of the 3'-
overhang. During the mechanism of silencing, the 3’-region of
the siRNA binds, releases and rebinds to the PAZ domain in
a cyclic manner, making this dynamic interaction reportedly
essential for RNAI activity.*>*® Here, hypothesizing that the PAZ/
3’-overhang interaction plays a role in the trends reported
experimentally, we carried out MD simulations to quantitatively
evaluate the ability of each modified compound to bind PAZ
domain. All the siRNA molecules modeled are equivalent to
those studied experimentally in terms of the 3’-overhang
modifications and nucleotide sequence. The simulated systems
are summarized in Table 2. We compared the energetic data
obtained from the simulation of the two distinct X-ray crystal
coordinates for PAZ/3’-overhang RNA (PDB ID: 1SI2 (set I)*” and
PDB ID: 4F3T (set II))*® see Fig. 6A and B.

To cover a broader conformational space, we decided to start
sampling from these two alternative crystal structures and
perform a set of independent short simulations for all the
modified siRNAs, each starting with different initial velocities.
It is known that Ago1 and Ago2 share 82% of their amino acid
sequence.*® In this section we will assess whether the
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Fig. 5 The siRNA silencing ability in the MEF and MEF AgoZ‘/‘ cells.
The Renilla mRNA reduction in the MEF and MEF Ago2~/~ cells. 1 nM of
the unmodified (wt) and modified (OMe2, PS2, RIB2, ACR2, and THR2)
siRNAs were co-transfected with a psiCHECK2 (AS) reporter. After
24 h, the cells were harvested for RNA extraction and gRT-PCR
measurement [n = 3 £+ SD]. The mock transfection, only the psicheck2
AS vector, was set as 1.
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Table 2 Summary of the PAZ/siRNA complexes under study
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Set/PDB code Simulated structure

Simulation length

(ns)

Number of replicates

PAZ: RNA dT-dT3’
PAZ: RNA RIB-RIB3/
PAZ: RNA ACR-ACR3’
PAZ: RNA PS-PS3’
PAZ: RNA OMe-OMe3’
PAZ: RNA THR-THR3'
PAZ: RNA dT-dT3’
PAZ: RNA RIB-RIB3'
PAZ: RNA ACR-ACR3’
PAZ: RNA PS-PS3’
PAZ: RNA OMe-OMe3’
PAZ: RNA THR-THR3'

Set 1/1SI2

Set II/4F3T

differences between the proteins affect their interaction with
siRNA. Eventually, if differences occur in the interaction of the
substituted siRNA and PAZ domain from the distinct Ago
families, they might provide some insight on the pathway fol-
lowed by RIB and ACR modified siRNAs. The details of the
simulation procedures are provided in the Materials and
methods section of the ESL.}

For all simulated systems, the conformational fluctuations
of the PAZ and RNA structures were inspected in terms of the
root-mean-square displacement (RMSD) with respect to the
starting structures (Fig. 6, S1 (set I) and S2 (set II)T). In set II,
both PAZ and 4-nt RNA dT-dT3’ were found to be stable along
the production run (Fig. 6C and D), and also for other modified
SiRNAs (Fig. S27). A notable exception was detected for the PAZ
domain in the presence of siRNA modified with ACR (Fig. S2C¥),
where a higher fluctuation of the RMSD values is observed. In
set I, the lower fluctuation of the RMSD values indicates a stable
behavior of PAZ and the RNA AS, whereas a higher drift was
detected for SS (Fig. S1}). This may be related to a poor SS/PAZ
contact and a low base pairing with AS (with only 7-bp matches).
In general, the use of independent simulations allowed us to
explore a large conformational space, as shown by the distinct
RMSD ranges attained individually. The low stability observed
in some replicas can be ascribed to the starting structures,
which were randomly generated by computing different initial
velocities to produce independent runs. In all cases, stable
values of the RMSD were observed in 31 ns, indicating a suffi-
ciently long simulation time.

The dynamic character of the PAZ domain is supported by
tracking the C, atoms of the PAZ backbone for all systems,
using standard root-mean-square fluctuation (RMSF) analyses
(Fig. 6E and F). In the literature, the PAZ domain is reported as
the most flexible domain of Ago proteins.*>*' Comparing with
the unmodified system, siRNA with 3’-overhang bearing dT,
similar RMSF trends are observed in the modified siRNA
systems, with deviations associated only with the flexible loops.
For set I, the destabilization of the loops comprised betwe