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Abstract: Biomolecular assemblies composed of proteins and
oligonucleotides play a central role in biological processes.
While in nature, oligonucleotides and proteins usually
assemble via non-covalent interactions, synthetic conjugates
have been developed which covalently link both modalities.
The resulting peptide-oligonucleotide conjugates have facili-
tated novel biological applications as well as the design of
functional supramolecular systems and materials. However,
despite the importance of concerted protein/oligonucleotide
recognition in nature, conjugation approaches have barely
utilized the synergistic recognition abilities of such com-

plexes. Herein, the structure-based design of peptide-DNA
conjugates that bind RNA through Watson-Crick base pairing
combined with peptide-mediated major groove recognition is
reported. Two distinct conjugate families with tunable bind-
ing characteristics have been designed to adjacently bind a
particular RNA sequence. In the resulting ternary complex,
their peptide elements are located in proximity, a feature that
was used to enable an RNA-templated click reaction. The
introduced structure-based design approach opens the door
to novel functional biomolecular assemblies.

Introduction

DNA, RNA and proteins are central biomacromolecules that
possess distinct molecular recognition properties. For many
biological processes, the supramolecular interplay between
these biomacromolecules is essential, with complexes com-
posed of proteins and nucleic acids playing diverse roles in
transcription, translation and the modulation of gene expres-
sion. In these complexes, interaction partners usually adopt
particular three-dimensional structures which define the shape
of involved binding interfaces.[1] For example, the minor and
major groove of DNA and RNA duplexes are recognized by
certain protein folds including the zinc-finger domain and the
helix-loop-helix motif.[2,3] While in nature, protein/nucleic acid
complexes are usually assembled through non-covalent inter-
actions, artificial hybrid-architectures have been created

through the covalent linkage of oligonucleotides and proteins
or peptides.[4–6] For example, synthetic conjugates have been
generated to promote the cellular uptake of nucleic acids with
cell-penetrating peptides,[7,8] or to barcode peptide libraries
with unique oligonucleotide sequences.[9,10] The programmable
Watson-Crick base-pairing abilities of oligonucleotides have
also been used to control the conformation[11,12] or the multi-
valent presentation of conjugated peptides,[13–17] and to facili-
tate the DNA- and RNA-templated formation of peptide
ligands.[18,19]

In most synthetic conjugates, the peptide and oligonucleo-
tide components are used orthogonally where each component
contributes with a particular function.[6] This contrasts with the
situation in natural complexes where protein and nucleic acid-
based recognition and function often work in concert. Only
rarely, synthetic conjugates have utilized the synergistic binding
of oligonucleotides and peptides. For example, conjugates have
been devised whereby the oligonucleotide component forms a
duplex with target DNA which then acts as a template for
peptide binding.[20,21] However, the assembly of larger and more
complex conjugate structures with tunable properties has not
been realized so far. Herein, we report biomolecular assemblies
in which RNA serves as the scaffold to recruit conjugates
composed of peptide and DNA components. These peptide-
DNA conjugates bind the RNA through a synergy of Watson-
Crick base-pairing and peptide-mediated major groove recog-
nition. Two distinct types of conjugates were developed that
adjacently bind the RNA target sequence to align their peptide
components in close proximity. These conjugates were sub-
sequently equipped with biorthogonal handles, to facilitate an
RNA-templated reaction.
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Results and Discussion

A fragment of TAV2b recognizes RNA/DNA duplexes

The protein TAV2b is a viral suppressor of RNA silencing that
recognizes the major groove of double-stranded RNA and
thereby binds duplexes in a sequence-independent manner.[22]

We previously identified a minimized fragment of TAV2b
(TAV2b21-53, hereby referred to as sTAV2b) capable of binding
duplex RNA but not single-stranded RNA or duplex DNA.[23] We
showed that two sTAV2b peptides bind to a 19-mer RNA
duplex while adopting a mainly α-helical conformation.[23]

Herein, we use the complex of two sTAV2b peptides with
double-stranded RNA (Figure 1a) as the starting point for the
design of peptide-DNA conjugates that bind single-stranded
RNA.[22,23] For initial experiments, we chose two complementary
22-nucleotide RNA sequences that form a duplex comprising
21-base pairs (RNAα/RNAβ, Figure 1b). In addition, analogous
duplexes composed of an RNA and a DNA strand (RNAα/DNAβ)
and of two DNA strands (DNAα/DNAβ) were included (Fig-
ure 1b). To assess the binding of sTAV2b to these three duplex
structures, isothermal titration calorimetry (ITC) was performed
revealing the expected high affinity of sTAV2b for RNAα/RNAβ

(Kd =89 nM, Supporting Information Table S4 and Figure S1). As
anticipated, we did not observe binding of sTAV2b to double-

stranded DNA (DNAα/DNAβ, Supporting Information Figure S2).
The mixed duplex (RNAα/DNAβ), however, was bound by
sTAV2b (Kd =599 nM, Figure 1c) though with ca. 10-fold lower
affinity than duplex RNA.

Double-stranded RNA usually assembles into an A-form
duplex while DNA tends to adopt the B-form.[24] Duplexes
composed of an RNA and a DNA strand, however, often fold
into an A-form duplex.[24] For the three nucleic acid duplexes in
this study (Figure 1b), we performed circular dichroism (CD)
spectroscopy indeed revealing characteristic A-form spectra
(λmin =210 nm, λmax =267 nm,) for double-stranded RNA (RNAα/
RNAβ, Supporting Information Figures S4) and the mixed duplex
(RNAα/DNAβ, blue line, Figure 1d).[24] The DNA duplex (DNAα/
DNAβ) showed the expected B-form pattern (Supporting
Information Figures S4). We also used CD to investigate sTAV2b
as well as its complex with RNAα/DNAβ. While the spectrum of
unbound sTAV2b reveals a typical random coil profile (orange
line, Figure 1d), its complex with the mixed duplex, led to a
distinct increase in ellipticity in the region between λ=208 and
222 nm (black line, Figure 1d). This effect is not accounted for
by the simple addition of the individual sTAV2b and RNAα/
DNAβ spectra (dashed line, Figure 1d) but rather suggests that
sTAV2b adopts an α-helical conformation upon binding.
Notably, the analogous behaviour was observed for sTAV2b
binding to duplex RNA and is in line with previous results
(Supporting Information Figure S5).[23] Taken together, double-
stranded RNA (RNAα/RNAβ) and the mixed duplex (RNAα/DNAβ)
both adopt an A-form structure, and induce increased α-helicity
in sTAV2b upon binding. This can explain why we observe
binding of the mixed duplex but not of double-stranded DNA
and suggests a similar complex structure of sTAV2b bound to
RNAα/RNAβ as well as RNAα/DNAβ.

Peptide-DNA conjugation promotes RNA binding

Binding of peptide sTAV2b to the mixed duplex RNAα/DNAβ

provides a unique supramolecular assembly. We envisaged to
combine the sequence-specific binding capability of DNA with
the major groove recognition conveyed by sTAV2b, for the
design of peptide-DNA conjugates capable of binding single-
stranded RNA. For conjugate design, we considered the length
of the DNA and the peptide component, as well as the position
and nature of their linkage. We decided to use 12-mer DNA as
the starting point since we expected this length to form a
defined duplex with RNA. The TAV2b/duplex structure (Fig-
ure 1a) suggests two potential peptide-DNA arrangements (A
and B), where DNA A12 targets the 5’- and DNA B12 the 3’-
region of RNAα. We aimed to minimize the length of the
peptides used in these two arrangements while maintaining the
number of peptide contacts to the target RNA (for details see
Supporting Methods). Based on these considerations, we chose
a 28-mer TAV2b sequence (1, TAV2b26-53) for arrangement A
(left, Figure 2a, Supporting Information Figure S6), and a 21-mer
sequence (2, TAV2b26-47) for arrangement B (right, Figure 2a,
Supporting Information Figure S7).

Figure 1. (a) Model of two identical TAV2b fragments (aa 21–53, sTAV2b,
orange) bound to duplex RNA (grey). Model was derived from crystal
structure PDB ID: 2ZI0. (b) Oligonucleotide sequences used to test duplex
binding (RNA: gray, DNA: blue). (c) Representative ITC plots of complex
formation between sTAV2b (c =108 μM) and RNAα/DNAβ (c(duplex)=6 μM).
Measurements were performed in triplicate, errors=1σ; for full data see
Supporting Information Table S4 and Figure S4. Buffer: Phosphate-buffered
saline (pH 7.4) (d) CD spectra of sTAV2b (c =4 μM; orange line), RNAα/DNAβ

(c(duplex)=2 μM; blue line), spectra of RNAα/DNAβ (c(duplex)=2 μM) with
sTAV2b (c =4 μM) (black line) and the sum of the two individual spectra
(dotted black line). Buffer: 10 mM sodium phosphate (pH 7.4), 100 mM NaCl.
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In arrangement A (left, Figure 2a), we expect the C-terminus
of peptide 1 to be in proximity to the 3’-end of DNA A12. We
envisioned a flexible linker structure to facilitate a 3’-to-C-
terminus linkage. Preferably, this linker would be assembled via
a biocompatible reaction using appropriately modified peptide
and DNA molecules. For that purpose, peptide 1 was synthe-
sized with a C-terminal lysine bearing a bromoacetamide-
functionalized side chain (Supporting Information Figure S16).
DNA A12, on the other hand, was obtained with a 3’-thiol
modification facilitating the formation of the thioether linkage
in conjugate 1-A12 (left, Figure 2a, Supporting Information
Figure S17). In arrangement B (right, Figure 2a), we expect the
C-terminus of peptide 2 to be in proximity to the 5’-end of DNA
B12. Aiming for a similar linker geometry as for arrangement A,
an analogous synthesis was applied however using a 5’ thiol-
modified DNA B12 analogue (right, Figure 2a).

Initially, binding of conjugate 1-A12 to RNAα was analysed
using electrophoretic mobility shift assays (EMSA) applying
non-denaturing conditions that allow the detection of
supramolecular complexes. In addition, the binding of DNA A12
in the presence and absence of peptide 1 was investigated
(Figure 2b). Incubation of RNAα with A12 led to the appearance
of a new slightly elevated band, indicative of RNAα/A12 duplex
formation. Adding peptide 1 to this solution (A12+1) caused
the disappearance of discrete bands (Figure 2b), suggesting

non-specific binding of 1 to the RNAα/A12 duplex. In contrast,
incubation of RNAα with conjugate 1-A12 resulted in the
formation of a defined high molecular weight band indicating
the desired complex formation. Most notably, this goes in hand
with a complete disappearance of the band for free RNAα

(Figure 2b) suggesting that conjugate 1-A12 forms a higher
affinity complex with RNAα than DNA A12 alone. We next
performed ITC experiments to quantify binding, revealing
moderate affinities for DNA A12 both in the presence and
absence of peptide 1 (Kd =319 nM and Kd =420 nM, respec-
tively; Figure 2c). Conjugate 1-A12, on the other hand shows
high affinity for RNAα (Kd =4 nM) corresponding to an 80-fold
increase when compared to DNA A12 (Figure 2c).

Analogous binding experiments were performed for con-
jugate 2-B12, DNA B12 and peptide 2. EMSA experiments
revealed a behaviour similar to the A-family. Though, a notable
difference is the appearance of a discrete band for the RNAα/
B12 complex in the presence of peptide 2 (Figure 2e). This
indicates a lower tendency of the unconjugated peptide to
interact with the RNA/DNA duplex. ITC experiments revealed an
overall higher affinity of DNA B12 to RNAα (Kd =74 nM, Fig-
ure 2f) than of DNA A12 (Kd =319 nM) which can be explained
by the higher GC-content in the resulting B12/RNAα duplex.
Nevertheless both conjugates show equal affinity for RNAα (for
both, Kd = 4 nM, Figures 2d and 2 g). This suggests a more

Figure 2. (a) Schematic overview of the design of conjugate type A and B: sTAV2b (orange) bound to duplex RNA/DNA (grey/blue) serves as starting point for
the design of peptide-DNA conjugates (1-A12 and 2-B12) targeting single stranded RNAα (grey). Chemical structure of linkages between peptide and DNA are
shown. (b) EMSA of RNAα in the presence and absence of DNA A12, a mixture of DNA and peptide (A12+1) and conjugate 1-A12. Experiments employed
15% native polyacrylamide gel electrophoresis (PAGE) (c(RNA)=3 μM, c(ligand)=4.5 μM. Running buffer: 1x TAE, stain: SYBR gold (full gel in Supporting
Information Figure S8). (c) Kd-values determined by ITC for RNAα-ligand interactions (triplicate measurements, errors=1σ; for full data see Supporting
Information Table S4 and Figures S9-11). (d) Representative ITC of 1-A12 with the RNAα (for full data see Supporting Information Figure S11). (e) EMSA of RNAα

in the presence and absence of DNA B12, a mixture of DNA and peptide (B12 + 2) and conjugate 2-B12 (for details see caption Figure 2b, full gel in
Supporting Information Figure S12). (f) Kd-values determined by ITC for RNAα/ligand interactions (triplicate measurements, errors=1σ; for full data see
Supporting Information Table S4 and Figures S13–15).(g) Representative ITC of 2-B12 with the RNAα (for all data see Supporting Information Figure S15).
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pronounced synergistic effect from peptide-DNA conjugation in
1-A12 than in 2-B12 (80- vs. 19-fold increased affinity compared
to DNA only). The large increase in affinity for conjugation of 1
and A12 is accompanied by a 2.2-fold larger enthalpic
contribution to binding (A12 vs. 1-A12, ~H = � 34 vs.
� 78 kcalmol� 1, Supporting Information Table S4). Notably, this
is not observed for the conjugation of 2 and B12 (B12 vs. 2-
B12, ~H = � 37 vs. � 41 kcalmol� 1). The large enthalpic contribu-
tion to binding for 1-A12, however, is partially compensated by
an increased entropic penalty (A12 vs. 1-A12, � T·~ =26 vs.
67 kcalmol� 1, Supporting Table S4). Comparing both conju-
gates, the greater enthalpy of binding observed for 1-A12 can
arise from the C-terminally elongated sequence of peptide 1
which can be expected to form additional contacts with the
DNA-RNA duplex.

A- and B-series conjugates can bind simultaneously

Nucleic acid duplexes are typically analyzed regarding their
melting temperature (Tm), characterizing the transition from the
folded duplex to the corresponding single strands.[25] We
therefore performed thermal denaturation experiments using
the CD signal at λ=267 nm as the readout. This wavelength is
indicative of the presence of A-form duplexes and thereby
facilitates the measurement of Tm-values.[24] For the duplexes
(c =2 μM) composed of RNAα and DNA A12 or B12, we
determined Tm-values in the anticipated range. In analogy to
the ITC measurements, RNAα/A12 shows a lower thermal
stability (Tm =36 °C, Figure 3a) than RNAα/B12 (Tm =44 °C, Fig-
ure 3b). For both mixed duplexes, the addition of the
corresponding peptide did not result in meaningful changes.
However when comparing the RNA-bound conjugates (1-A12
and 2-B12) to the corresponding RNAα/DNA duplexes, we
observed considerably increased Tm-values (ΔTm =11 and 9 °C,
A- and B-family, Figure 3a and 3b). When compared to melting
temperatures calculated by nearest-neighbor methods,[26] such
increases are equivalent to the addition of 3–6 nt respectively
(Supporting Information Table S5).

Next, we were interested to assess how the length of the
DNA sequence affects conjugate binding to RNAα. For this
reason, 10 and 11 nucleotide DNA strands were conjugated to
peptides 1 and 2, respectively, providing an A- and B-series of
conjugates (1-AX and 2-BX, X=number of nucleotides in DNA,
Figure 3c and 3d). Subsequently, thermal denaturation experi-
ments with RNAα were performed for the new conjugates and
the corresponding DNA sequences (AX and BX, X=number of
nucleotides) in the presence and absence of peptide. Overall,
decreasing DNA length was associated with reduced Tm-values
both for the unmodified DNA and the conjugates (Figure 3c
and 3d). In particular, the removal of the cytosine (C) and the
corresponding GC base pair affected the thermal stability of the
DNA and the conjugates in both series. Nevertheless in all cases,
peptide conjugation improved stability with 1-A11 exhibiting
the highest and 2-B11 lowest stabilizing effect upon conjuga-
tion (ΔTm =12 °C and 5 °C, respectively).

We then used EMSA experiments to verify the presence of
complexes between RNAα and conjugates. Indeed, incubation
of RNAα with any of the six conjugates resulted in elevated
bands which indicated the desired complex formation (Fig-
ure 3e). Knowing that the conjugates of the A-series target the
5’-region of RNAα while the B-series targets the 3’-region, we
were interested to assess the possibility for their simultaneous
binding. For that reason, conjugates with equal DNA length
were co-incubated with RNAα and included in the EMSA
analysis. For all combinations, we observe a band further
elevated than incubation with the individual conjugates (Fig-
ure 3e). This clearly supports simultaneous binding in those
three combinations. In this respect, it is noteworthy that the
complementary regions of the DNA in 1-A11 and 2-B11 overlap
by one nucleotide and in 1-A12 and 2-B12 by three nucleotides
(Supporting Information Figure S20). In these cases, we expect

Figure 3. (a) Melting temperature profiles of RNAα in the presence of A12, an
equimolar mixture of A12+1, and 1-A12 respectively. (b) Melting temper-
ature profiles of RNAα in the presence of B12, an equimolar mixture of B12
+2, and 2-B12 respectively (λ=267 nm, c(RNAα)=2 μM, c(binding partners) -
=2 μM. Buffer: 10 mM sodium phosphate, 100 mM NaCl (pH 7.4). (c)
Sequences of DNA-truncated A-family conjugates. Table of Tm-values of
conjugates with RNAα (for melting curves see Supporting Information
Figure S18). (d) Sequences of DNA-truncated B- family conjugates. Table of
Tm-values of conjugates with RNAα (for melting curves see Supporting
Information Figure S18). (e) EMSA of RNAα in the presence of different
conjugates (Supporting Information Figure S19) including co-incubation of
A- and B-series members with DNA sequences of equal lengths. Experiments
employed 15% native PAGE (c(RNA)=3 μM, c(conjugate)=4.5 μM. Running
buffer: TAE, stain: SYBR gold. Cartoon representations of the proposed RNA/
conjugate complexes corresponding to band species are presented on the
right hand side.
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the corresponding DNA nucleotides to be to some extent
unpaired.

Simultaneous conjugate binding accelerates crosslinking

Having confirmed the simultaneous binding capacities of both
conjugate families, we next sought to utilize the unique
structural features of this supramolecular assembly. In partic-
ular, the relative orientation of the peptide N-termini caught
our attention. While the peptides are connected to the
outwards facing DNA termini, we expect that major groove
binding would orient their N-termini inwards. We considered to
use the resulting proximity of both termini to enable an RNAα-
templated linkage of both conjugates (Figure 4a). For that
purpose, we chose the bio-orthogonal strain-promoted azide-
alkyne cycloaddition.[27] Inspired by the two-component click
reaction used for peptide stapling,[28] each of the two peptide
N-termini was equipped with an azide group. For crosslinking,
bis-alkyne 5 (Supporting Information Figure S21) was used in
which two dibenzocyclooctyne moieties are connected via a
polyethylene glycol spacer. To implement the templated
reaction, the peptides in conjugates 1-A12 and 2-B12 were N-
terminally modified with an azide group, yielding conjugates 3
and 4, respectively (Supporting Information Figure S22). The
desired reaction of 3 and 4 with bis-alkyne 5 would then result
in heterodimeric product 3*4 (Figure 4a and 4b).

To assess the strain-promoted click reaction, product
formation was determined using high-performance liquid
chromatography (HPLC) as the readout. At the beginning of the
reaction (t=0, Figure 4c), we observed two peaks correspond-
ing to conjugates 3 and 4. When incubating the two conjugates
(each c =5 μM) for 6 h with RNAα (c =5 μM) and bis-alkyne 5
(c =5.75 μM), we observe decreasing signals for 3 and 4 and
the appearance of a new peak (red line, Figure 4c). Isolation of
this new species and its characterization via electrospray
ionization mass spectrometry (ESI-MS) provided a spectrum that
after deconvolution indicates the presence of a molecule with a
molecular weight of 15187 gmol � 1 (Figure 4d). This is in
agreement with the molecular weight expected for the desired
heterodimeric product 3*4 (M =15186 gmol� 1, Figure 4b).
Based on the peak areas in the chromatogram, 67% product
3*4 was formed (Figure 4c).

To evaluate the actual impact of RNAα-mediated assembly
on the click reaction, conjugates 3 and 4 were also reacted with
bis-alkyne 5 in absence of the RNAα (no RNA, Figure 4c). After
6 h, a number of new peaks were observed which could be
assigned to the previously obtained product 3*4 (10%) as well
as the homo-dimer 3*3 (5%, Supporting Information Fig-
ure S24). We also detected additional signals which we
associated with homodimer 4*4 (5%) as well as the mono-
reacted conjugates 3* (12%) and 4* (18%) originating from the
reaction of one of the two alkyne moieties in 5 with the azide
in 3 or 4 (Supporting Information Figure S25). As an additional
control experiment, we reacted 3, 4 and bis-alkyne 5 in the
presence of non-complementary RNAβ (grey line, Figure 4c),
which resulted in a chromatogram very similar to the reaction

in absence of RNA. This can be explained by the absence of
conjugate binding to RNAβ which was also confirmed using
EMSA experiments (Supporting Information Figure S26). Next,
we determined the time-dependent formation of product 3*4
in the three discussed cases (RNAα, no RNA, RNAβ). Again using
HPLC as the readout, time courses were obtained in triplicates
(Figure 4e). Notably in the presence of RNAα and after 18 h, the
formation of 96% click product 3*4 was observed, while under
the same conditions only about 30% product is detected
without RNA or in the presence of RNAβ (Figure 4e). These time-

Figure 4. (a) Schematic overview of RNAα-templated reaction. Azide-modi-
fied conjugates 3 and 4 bind RNAα to form a ternary complex which reacts
with a bis-alkyne crosslinker to yield a complex between ligated conjugate
3*4 and RNAα. (b) Structure of heterodimeric product 3*4 including the
chemical structure of the reacted crosslink. (c) HPLC traces of unreacted 3
and 4 (t =0) and of reactions between 3, 4 and 5 after 6 h in the presence of
RNAα (red line), in the absence of RNA (no RNA), and in the presence of RNAβ

(gray). (d) Electrospray ionization (ESI) mass spectrum of heterodimeric
product 3*4 (full characterization see Supporting Information Figure S23). (e)
Time-dependent yields of 3*4 as determined by HPLC including initial rates
(vr). Conjugates (c =5 μM) were incubated for 18 h at room temperature in
the presence or absence of an RNA template (c =5 μM) and bis-alkyne
crosslinker 5 (c =5.75 μM). Reaction buffer: 100 mM NH4HCO3, 20%
acetonitrile, 1% DMSO (pH=8.0). Templated reactions were performed in
triplicate, errors=1σ; for full data see Supporting Information Table S6 and
Figure S27.
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dependent measurements allowed the determination of initial
rates (vr) revealing a two orders of magnitude faster reaction in
the presence (vr =100 pMs� 1, Figure 4e) than in the absence of
RNAα (vr =1.0 pMs� 1). Incubation with control RNAβ provides an
initial rate (vr =1.1 pMs� 1) comparable to reactions in the
absence of RNA. Overall, the observed proximity-induced
reaction clearly supports the anticipated structural preorganiza-
tion in ternary complex RNAα/3*4 (Figure 4a).

Conclusions

In this study, we use a protein/oligonucleotide complex as the
basis for the design of synthetic peptide-DNA conjugates with
tunable assembly characteristics. Initially, we observed that the
RNA-binding motif of TAV2b recognizes double-stranded RNA
as well as RNA/DNA hybrid duplexes. Pairing this insight with a
previously reported TAV2b/RNA crystal structure,[22] we de-
signed two distinct families of peptide-DNA conjugates, which
form a complex with a single-stranded RNA target. RNA binding
is enabled via a combination of Watson-Crick base-pairing and
peptide-mediated duplex recognition, resulting in conjugates
with increased RNA affinity when compared to the isolated
DNA and peptide components. The RNA affinity of these
conjugates can be tuned by the variation of the DNA length.
We also showed that two conjugates (one from each family)
can bind simultaneously to the target RNA.

Given the structural basis of our design, we rationalized that
simultaneous RNA binding would bring the peptide N-termini
of both conjugates into proximity and could therefore allow a
templated reaction of both termini. Employing a strain-
promoted double click reaction, we found that reactions carried
out in the absence of RNA or in the presence of a non-
complementary sequence generated mixtures of different low-
yielding click products. Incubation with template RNAα, leads to
the exclusive formation of the hetero-dimeric product 3*4. This
proximity-induced reaction highlights the potential of structure-
based design in the development of such modular assemblies,
particularly given the growing number of available protein/
oligonucleotide complex structures.[29,30] Moreover, this expands
both the complexity and functional spectrum of recent efforts
towards chimeric molecules utilizing peptide and oligonucleo-
tide features.[31–36] Taken together, our work serves as a proof-
of-concept for the structure-based design of peptide-DNA
conjugates possessing the ability to assemble into structurally-
defined complexes. Such systems can open the door to novel
functional biomolecular assemblies.
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