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A Modular Approach for Organizing Dimeric Coiled Coils on 
Peptoid Oligomer Scaffolds†  
Linhai Jiang and Kent Kirshenbaum* 

We report a general approach to promote the folding of synthetic oligopeptides capable of forming homodimeric coiled 
coil assemblies. By pre-organizing the peptides on macrocyclic oligomer scaffolds, the stability of the coiled coils is 
enhanced with an observed increase in the melting temperature of 30 ℃ to 40 ℃. Molecular dynamics simulations 
substantiate the hypothesis that the enhanced stability is established by constraining motion at the peptide termini and by 
pre-organizing intramolecular helix-helix contacts. We demonstrate the modularity of this approach by using a family of 
peptoid scaffolds to promote the folding of a dimeric coiled coil. Importantly, this strategy for templating coiled coils 
allows preservation of native amino acid sequences. Comparing a macrocyclic peptoid scaffold to its linear counterparts 
indicates that both types of assemblies are effective for organizing stable coiled coils. These results will guide future 
designs of coiled coil peptides for biomedical applications and as building blocks for more complex supramolecular 
assemblies.

Introduction 
Coiled coils are important and ubiquitous protein structural 
motifs, and are involved in many critical biological events, such 
as gene expression, muscle contraction, cellular transport and 
signaling.1-4 Coiled coils are formed by two or more right-
handed a-helices that associate to form left-handed multi-
stranded supercoils.5-8 Dimeric coiled coils are of particular 
interest due to their structural simplicity and designability. De 
novo designed dimeric coiled coils have been extensively 
utilized as building blocks for constructing self-assembled 
nanometer-scale architectures and as potential therapeutics 
for targeting protein-protein interactions.7, 9-18 Enhancing the 
stability of coiled coils can expand their capability to address 
functional goals.19-21 

The amino acid sequence of coiled coil peptides typically 
features a heptad repeat pattern (abcdefg), based on the 
different contributions of each residue within the repeat unit 
to characteristic non-covalent interactions.7 The formation of a 
dimeric coiled coil is primarily driven by the hydrophobic 
contacts among residues at a and d positions in the heptad 
pattern. Inter- and intra-helical electrostatic interactions 
between oppositely charged residues at g and e positions 
make further contributions to coiled coil stability. Several 
strategies have been reported to improve and/or tune the 
stabilities of synthetic dimeric coiled coils, such as elongating 
the peptide chains,22 substitution of leucine at d positions by 

5,5,5-trifluoroleucine,23 installing inter-helical disulphide or 
thioether linkages,24-28 optimizing the inter- and intra-helical 
electrostatic interactions,29-30 replacing inter-helical non-
covalent salt bridges by covalent linkages31-32 and 
incorporation of histidine-metal coordination sites within the 
coiled coils33. 

The aforementioned methods are all capable of elevating 
the thermal stability of dimeric coiled coils, but generally 
require altering the original amino acid sequences, which may 
influence the native functions associated with the coiled coils. 
Alternative methods that can enhance coiled coil thermal 
stability while preserving the original amino acid sequence 
would be desirable for a wider range of applications. We 
considered how individual peptide chains comprising dimeric 
coiled coils may disassociate and unfold upon thermal 
denaturation. Because unfolding is associated with helix 
fraying at peptide termini, we envisioned that confining 
peptides in proximity while constraining the termini might 
promote coiled coil stability without necessitating 
modifications to the amino acid sequences. This approach is 
similar to the Template Assembled Synthetic Proteins (TASP) 
strategy,34-42 in which the termini of multiple helical peptides 
are anchored to organic macrocyclic scaffolds, such as 
porphyrins, Kemp’s triacid, or cyclotribenzylene. The TASP 
strategy primarily focuses on inducing and/or increasing the 
folding ability of trimeric and tetrameric coiled coils. 
Surprisingly, few efforts have been made to investigate the 
effect on dimeric coiled coils.36 The rigidity and symmetry of 
the template scaffolds have proven to be advantageous for 
implementing TASP strategies effectively.36-37 In addition to the 
TASP strategy, assembly of three-helix bundles has also been 
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directed through metal-coordination at N-terminal positions 
incorporating 2,2’-bipyridine units.43-44 

We considered whether peptoids, N-substituted glycine 
oligomers, could also be used as scaffolds to pre-organize two 
peptide chains in proximity and to enhance the stability of 
dimeric coiled coils. Peptoids are attractive scaffolds for 
multivalent display.45-49 In comparison to most scaffolds 
previously used for TASP strategies, peptoids are highly 
modular molecules that can be readily synthesized using solid 
phase synthesis techniques to include a remarkable diversity 
of side chain functional groups at precise positions along the 
oligomer sequence.50-51 Similar to peptides, the backbone 
rigidity of peptoids can be controlled by incorporation of 
torsionally constrained residues, such as proline derivatives,52, 

‡ and by head-to-tail macrocyclization53-54. In this work, we 
employed a combination of experimental and computational 
approaches to explore how peptoids can serve as scaffolds for 
dimeric coiled coils and to demonstrate how their modular 
synthesis can readily provide a family of effective scaffolds for 
de novo design of protein mimetics. 

Results and discussion 
We initiated an effort to design a parallel coiled coil dimer 
scaffolded onto an oligomeric macrocycle. We selected to 
incorporate a peptide named GCNshSN, used by the Jerala 
group to construct a protein-origami cage.14, 55 Based on the 
amino acid sequence, GCNshSN exclusively forms parallel 
coiled coil homodimers (Scheme 1A). The inclusion of 
asparagine (Asn) at the a position of the third heptad pattern 
confers the specific formation of a parallel and in-register 

dimer due to the self-complementary hydrogen bonding 
between side-chain amide groups of Asn pairs at the helix-
helix interface.56 

We contemplated the option of tethering either the N- or 
C-termini of the peptide strands to the macrocyclic scaffold. 
We reasoned that conjugation of the more flexible terminus 
would lead to greater stability of the folded coiled coil. We 
conducted molecular dynamics (MD) simulation studies to 
compare the flexibility of the C-termini and N-termini of the 
coiled-coil forming peptides. The simulations were conducted 
at 278 K using the AMBER Force Field ff14SBonlysc57-58 and the 
GB-Neck259 implicit solvent model. The initial conformation of 
the GCNshSN coiled coil dimer was modeled using the crystal 
structure of the parent peptide (pdb code: 2zta).55 The native 
coiled coil tertiary structure was well maintained by the 
GCNshSN peptides over the course of 1 µs MD simulations. 
The a-helical secondary structure content fluctuated around 
80% (Figure 1A left) and superimposition of the simulated 
averaged conformation to the crystal structure produced a Ca 
root mean square deviation (RMSD) value of 0.88 Å (Figure 
1B). In addition, we found that the N-termini of coiled coils 
formed by individual peptides were more flexible than the C-
termini (Figure 1D left). Thus, we concluded that it would be 
preferable to stabilize the coiled coil by conjugating the two 
individual peptide chains to the macrocyclic peptoid scaffold 
through their N-termini. 

A six-residue peptoid macrocycle (Scheme 1B), denoted as 
Meta596, incorporating three proline residues and three N-
substituted glycine residues (one N-methoxyethyl peptoid 
residue and two N-propargyl peptoid residues) at alternating 
positions, was used as a divalent scaffold to pre-organize the 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 1. (A) Amino acid sequence of N3-GCNshSN and its parent peptide, the GCN4 leucine zipper. Each amino acid residue is represented by the 
circled one letter code. The chemical structures of N- and C-terminal capping groups are shown explicitly. A single site mutation is highlighted in red.14, 55 
The heptad pattern is indicated by lower case letters below each residue. (B) Synthetic route to prepare peptoid-peptide conjugates via copper(I)-
catalyzed azide-alkyne cycloaddition click chemistry, as exemplified for the synthesis of Meta596-Conjugate. (C) Cartoon representation of the 
Meta596-Conjugate product as rendered by PyMOL (Schrödinger, LLC). 
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two peptide chains. This peptoid macrocyclic oligomer 
sequence was selected because a high-resolution crystal 
structure of an analog, in which the two propargyl side chains 
are replaced by methoxyethyl sidechains, has been previously 
reported.60 This crystal structure reveals a roughly planar 
macrocycle in which the three methoxyethyl side chains are 
extended laterally, enabling efficient conjugation at these sites 
(Figure S6). Our macrocycle design featured replacement of 
two of the methoxyethyl side chains with N-propargyl side 
chains groups to enable subsequent conjugation of N3-
GCNshSN peptides bearing N-terminal azido groups through 
copper(I)-catalyzed azide-alkyne cycloaddition (CuAAC) 
reactions to form the Meta596-Conjugate (Scheme 1B and 
1C). We also conducted MD simulations of the Meta596-
Conjugate using the GAFF261 forcefield to model the peptoid 
component. As expected, this simulation provided a stable 
coiled coil intramolecular assembly at 278 K over the course of 
1 µs (Figure 1A right and 1C). The simulation revealed that the 
N-terminal flexibility of the GCNshSN peptides was 
significantly diminished by the formation of the conjugated 
species to pre-organize the coiled coils (Figure 1D right). 

 Chemical synthesis was initiated with the solid phase 
assembly of the GCNshSN peptide. This was conducted on Rink 
Amide MBHA resin using standard Fmoc chemistry. Following 
completion of the peptide sequence, 2-azidoacetic acid was 
used to cap the peptide and provide the desired reactive group 
at the N-terminus (Scheme 1A). The peptides were purified by 
HPLC to 95% purity. Next, the peptoid macrocycle scaffold was 
assembled. The linear oligomer sequence was synthesized on 
2-chlorotrityl chloride resin using a combination of peptoid 
“submonomer” protocols50 (N-methoxyethyl glycine and N-
propargyl glycine positions) and Fmoc synthesis protocols12 
(proline positions). The linear oligomer was subjected to head-
to-tail macrocyclization by formation of the intramolecular 
amide bond in the presence of PyBOP as an activating agent to 
form the hexamer macrocycle product Meta596.62 The N3-
GCNshSN and Meta596 species were then conjugated through 
triazole linkages formed via a CuAAC click chemistry protocol 
modified from a reported method (Scheme 1B).63 The 
conjugation reaction went to completion after 24hrs with a 
yield >90%. 

 
The secondary structures of Meta596-Conjugate and the 

unconjugated N3-GCNshSN peptides were experimentally 
assessed by Circular Dichroism (CD) spectroscopy. Minima in 
the CD spectra were observed at both 208 nm and 222 nm 
(Figure 2A and 2B), indicative of ⍺-helical conformation for 
both molecules at 25 ℃.64-65 The CD signal near 208 nm is 
associated with amide π→π* transitions that are polarized 
parallel to the helical axis. The strength of this signal is 
correlated with increased helix-helix contacts.66 The second 
minimum around 222 nm is caused by amide n→π* transitions 
and is not strongly influenced by contacts at the helix-helix 
interface. Thus, the ratio of the MRE value at 222 nm to that at 
208 nm (θ222/θ208) has been generally used to monitor the 
presence of coiled coils formed by a-helices.67-68 Typically, a 
ratio in the range of 0.9 indicates the presence of both 

individual a-helical secondary structure elements and helices 
within the coiled coils. In contrast, θ222/θ208 values close to 1.0 
suggest a negligible presence of single-chain helices and the 
predominance of coiled-coil species. We observed a θ222/θ208 
ratio of 0.84 for the unconjugated N3-GCNshSN peptides at 25 
℃	 (Figure 2A), while this value was 0.96 for the Meta596-
Conjugate (Figure 2B).  The CD studies thus indicate enhanced 
helix-helix contacts associated with the formation of stable 
coiled coils for the Meta596-Conjugate, relative to the 
unconjugated peptides. 

By monitoring the temperature-dependent CD signal at 
222 nm, thermal denaturation studies were carried out to 
investigate the effect of conjugation on coiled coil thermal 
stabilities. The midpoint of the unfolding transition, TM, was 
used to characterize the thermal stability of the folded 

Figure 1. Results of a representative 1 µs Molecular Dynamics simulation conducted 
at 278 K. (A) a-Helical content of the dimeric coiled coil adopted by GCNshSN 
peptides and Meta596-Conjugate over the course of the simulation. Comparison of 
the coiled coil crystal structure (red in B and C) and averaged conformations 
simulated by molecular mechanics using the unconjugated GCNshSN peptide (green 
in B) and Meta596-Conjugate (blue in C, peptoid component is shown in sticks), 
respectively. (D) Residue-based root mean square fluctuation (RMSF) analysis of 
coiled coils formed by GCNshSN peptide and Meta596-Conjugate. N- and C-termini 
are indicated within the bar plots. RMSF values are averaged from two chains for 
fluctuation of peptide backbone atoms only: C, N and Ca. See Supporting Information 
for the analysis of other results. 
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peptides.65 As shown in Figure 2C, cooperative unfolding 
transitions were observed for both individual peptides and 
conjugated species. Upon heating, the Meta596-Conjugate 
unfolded at a significantly elevated temperature compared to 
the individual N3-GCNshSN peptides. The TM of individual 
peptides was measured ~29 ℃. In contrast, the Meta596-
Conjugate exhibited a much higher TM of ~69 ℃. Thus, an 
increase of the TM by 40 ℃ was obtained by constraining the 
N-termini of two peptide chains in proximity upon the cyclic 
peptoid scaffold.  

The particular GCNshSN peptide sequences used in this 
study are known to exclusively form parallel homodimeric 
coiled coils.14, 55 The Meta596-Conjugate was obtained 
through the formation of triazole linkages upon cycloaddition 
between the N-terminal azido groups of two peptide chains 
and the two sidechain alkyne groups displayed on the cyclic 
peptoid. Thus, the Meta596-Conjugate should also pre-
organize the two conjugated peptide chains on the macrocyclic 
scaffold in a parallel alignment. We therefore anticipated that 
intramolecular helix-helix dimerization would be more 
favorable than intermolecular helix-helix dimerization for the 
Meta596-Conjugate. 

To explore the organization of the coiled-coils formed by 
the Meta596-Conjugate, CD spectra were measured for 
samples at varying concentrations (Figure 2D and 2E). The CD 
spectra of the Meta596-Conjugate were nearly identical over 
the examined concentration range (from 5 µM to 100 µM at 

25 ℃). In contrast, for the unconjugated N3-GCNshSN 
peptides, the content of a-helical secondary structure 
markedly diminished as the concentration was decreased. This 
concentration dependence is consistent with intermolecular 
helix-helix dimerization as the only pathway to form coiled coil 
structures for the individual N3-GCNshSN peptides. The 
observed concentration independence of the helical 
conformation of the Meta596-Conjugate confirms that 
intermolecular association is negligible for this species, and 
that the coiled coils result predominantly from intramolecular 
helix-helix dimerization and parallel alignment as encoded in 
the amino acid sequence. Dynamic light scattering (DLS) 
analysis show that coiled coils formed by both unconjugated 
N3-GCNshSN peptides and Meta596-Conjugate have 
hydrodynamic diameters ~2 nm, further confirming the 
absence of larger sized species that would be formed by 
Meta596-Conjugate through intermolecular associations 
(Figure S5). 

Molecular dynamics simulations were performed to 
investigate the origins of the improved thermal stability of 
coiled coils formed by Meta596-Conjugate. The simulations 
were performed at 303 K, a temperature close to the 
experimental TM of the individual peptides, but far below the 
TM of the conjugate. The Rg (radius of gyration), backbone 
RMSD and helix content were used to monitor the deviation of 
the simulated structure from the fully folded conformation 
over the course of the simulations. Unrecoverable deviations 

Figure 2. Circular Dichroism (CD) spectra of N3-GCNshSN peptides (A) and Meta596-Conjugate (B).  (C) Thermal denaturation profiles of N3-GCNshSN peptides and 
Meta596-Conjugate. Circles: experimental data points; solid line: sigmoidal fittings using BiDoseResp function implemented in OriginPro 8.5.1 (OriginLab 
Corporation). Concentrations (with respect to peptide chains): 100 μM. CD spectra of N3-GCNshSN peptides (D) and Meta596-Conjugate (E) at varying 
concentrations. (F) First order derivatives of the sigmoidal fittings in (C), from which the melting temperature, TM, was estimated.54 Solvent: 10 mM sodium 
phosphate-150 mM sodium chloride buffer, pH 7.5. MRE: molar residue ellipticity. The CD signal contributed by the peptoid macrocycle has been subtracted. The 
CD spectra shown in (A), (B), (D) and (E) were measured at 25 ℃.  
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from the initial values were indicative of extensive long 
timescale unfolding in the simulation, while fluctuations with 
relatively large amplitudes indicated reversible unfolding-
refolding equilibria. The individual peptides were extensively 
unfolded during the course of all five independent MD 
trajectories. For example, during one representative 
trajectory, the intermolecular coiled coil formed by individual 
peptides rapidly disassembled into two partially folded single-
chain helices within the first 50 ns. The dissociation of two 
helical chains caused the helicity to decrease from ~78% to 
~35%, with both Rg and RMSD deviating significantly from the 
initial values (Figure 3A top, Figure S11 and S13). The 
conformational space sampled by GCNshSN peptides 
fluctuated away from the ideal a-helix region (around 
j = -60°, y = -45°) in the Ramachandran plot (Figure 3B, top). 
However, simulations for the Meta596-Conjugate consistently 
yielded stable coiled-coil forms with the backbone dihedral 
angles (j, y) densely located in the ideal a-helix region in the 
Ramachandran map. Multiple reversible unfolding-refolding 
transitions were observed for Meta596-Conjugate over the 
course of MD simulations (Figure 3A bottom, S12, S14 and 
S16). For instance, in one trajectory (Figure 3A bottom), the 
coiled coil partially unfolded at 230 ns to a state with 30% less 
helix content. Due to the proximity of N-termini, the two 
peptide strands within the Meta596-Conjugate were able to 
quickly reassemble to the folded coiled coil structure within 
the following 25 ns. The Rg of each chain was maintained at 
~13 Å with negligible deviation over the course of the 
simulation (Figure S14). Superimposition of the simulated 
averaged coiled coil conformation adopted by Meta596-
Conjugate to the crystal structure produced a Ca RMSD value 

of 1.55 Å (Figure 3D). Some reversible unfolding-refolding 
transitions were also observed for the individual GCNshSN 
peptides prior to complete dissociation between the two 
peptide strands. However, only minor transient excursions 
from the fully folded conformation were tolerated without 
irreversible unfolding (Figure 3A top, S11, S13 and S15). 

Based on their dramatically different thermal stabilities, 
the unconjugated GCNshSN peptides and Meta596-Conjugate 
exhibit distinct characteristics in the MD simulations at 303 K. 
In agreement with the experimental results, the coiled coil 
formed by the Meta596-Conjugate is much more 
thermostable than that formed by unconjugated GCNshSN 

Figure 3. Results of 400 ns MD simulations at 303 K. (A) Helix content in the coiled coils formed by GCNshSN peptides (top) and Meta596-Conjugate (bottom). Red 
circles indicate unfolding-refolding equilibria. (B) Ramachandran maps of conformational space sampled by GCNshSN peptides and Meta596-Conjugate over the 
time course of the simulation. (C) Residue-based RMSF analysis of coiled coils formed by GCNshSN peptides within the folded region and Meta596-Conjugate over 
the time course of the simulation. RMSF values are averaged from two chains using atomic fluctuation of backbone atoms only: C, N and Ca. (D) Superimposition of 
the coiled coil crystal structure (red) and averaged conformation simulated by molecular mechanics using Meta596-Conjugate (blue) at 303 K. The peptoid 
component is shown in stick representation. See SI for analysis of other results and information from four other independent trajectories. 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 2. Chemical structures of four additional peptoid scaffolds for pre-
organizing dimeric coiled coils. Meta614 and Para614 cyclic peptoids are 
constitutional isomers, L26 and L24 are the linear counterparts of the Meta596 
cyclic peptoid. 
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peptides. RMSF analysis of the unconjugated GCNshSN 
peptides within the folded region shows that the N-termini are 
more flexible than C-termini (Figure 3C top and S19), 
suggesting that the unfolding of the coiled coil was initiated by 
the loss of critical helix-helix contacts at N-termini. In 
comparison, the N-terminal stabilities of the helical peptide 
components within the Meta596-Conjugate are comparable to 
the C-termini (Figure 3C bottom and S20). This is consistent 
with the maintenance of helix-helix contacts at the N-termini 
afforded by the covalent constraints. Overall, diminished 
flexibility at the N-termini and increased productive helix-helix 
collision frequencies may both play a role in the enhanced 
thermal stability of Meta596-Conjugate coiled-coil relative to 
the individual GCNshSN peptides. 

 
Figure 4. CD spectra of four dimeric coiled coils templated onto scaffold analogs: 
Meta614-Conjugate (upper left), Para614-Conjugate (upper right), L26-Conjugate 
(lower left) and L24-Conjugate (lower right). Chemical structure of each conjugated 
molecule is insetted to the corresponding CD spectrum. Helical elements indicate the 
GCNshSN peptide, as in Scheme 1. Concentration (with respect to peptide chains): 100 
μM; solvent: 10 mM sodium phosphate-150 mM sodium chloride buffer, pH 7.5; 
temperature: 25 ℃. CD signals contributed by peptoid macrocycles have been 
subtracted. 

In order to demonstrate the modularity of the peptoid 
oligomer templation strategy, four additional conjugated 
species were also synthesized and characterized by using four 
different peptoid scaffolds (Scheme 2). Meta614-Conjugate 
and Para614-Conjugate were synthesized using cyclic peptoid 
scaffolds that feature variations of the Meta596 scaffold 
oligomer sequence. For the peptoid macrocycle components, 
both Meta614-Conjugate and Para614-Conjugate bear two 
proline residues at positions i and i+3. The two peptide strands 
were conjugated to the macrocyclic scaffolds through 
propargyl side chains located three residues apart for Para614-
Conjugate, and two residues apart for Meta614-Conjugate. 
The other sidechain positions in the cyclic peptoids include 
methoxyethyl groups. In addition, two linear conjugates, L26-
Conjugate and L24-Conjugate, were synthesized using two 

linear hexamer-analogs of the Meta596 macrocyclic peptoid as 
the molecular scaffolds. In the L26-conjugate, the two peptide 
strands were conjugated to propargyl groups located four 
residues apart on the linear peptoid. For the L24-conjugate, 
the two peptide chains were conjugated at side chain positions 
two residues apart. 

CD spectra characteristic of coiled coils (θ222/θ208 > 0.95) 
were observed for each of the conjugated molecules (Figure 
4). The dimeric coiled coils formed by these conjugated 
molecules consistently displayed substantial enhancements in 
thermal stability relative to the individual peptides, with TM 
values spanning from ~60 ℃ to ~70 ℃ (Figure 5). Indeed, the 
conjugated molecules established on linear peptoid scaffolds 
(L26-Conjugate and L24-Conjugate) enhanced the folding of 
coiled coils to a roughly similar extent as the macrocyclic 
counterpart (Meta596-Conjugate). The TM value of L24-
Conjugate is 2 ℃ higher than Meta596-Conjugate and the TM 
of L26-Conjugate is 1 ℃ lower than Meta596-Conjugate. 
Para614-Conjugate enhanced the folding of coiled coil with a 
TM 8 ℃ lower than Meta596-Conjugate, and Meta614-
Conjugate promoted the coiled coil thermal stability with a TM 
value only 2 ℃ lower than Meta596-Conjugate.   

 
Figure 5. Thermal denaturation profiles of additional four dimeric coiled coils 
incorporation variations in the oligomeric templates, Meta614-Conjugate (upper left), 
Para614-Conjugate (upper right), L26-Conjugate (lower left) and L24-Conjugate (lower 
right). Concentration (with respect to peptide chains): 100 μM; solvent: 10 mM sodium 
phosphate-150 mM sodium chloride buffer, pH 7.5. CD signals contributed by peptoid 
macrocycles have been subtracted. 

In the context of the macrocyclic constrained oligomer 
scaffolds, placement of the helices two residues apart may 
provide a slight improvement in pre-organizing the dimeric 
coiled coils (TM = 67 ℃ versus TM = 61 ℃ for placement three 
residues apart). For the linear oligomers, conformational 
rearrangements may allow these scaffolds to position the 
appended peptides optimally for coiled coil formation (TM 
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values are approximately equivalent). The similar melting 
temperatures shown by Meta596-Conjugate (69 ℃) and its 
two linear counterparts, L26-Conjugate (68 ℃) and L24-
Conjugate (71 ℃), indicate that macrocyclization of the 
peptoid oligomer scaffolds is not an essential feature in order 
to attain significant enhancement of thermal stabilities for 
templated coiled coils. This finding is not necessarily 
anticipated from previous studies utilizing the TASP strategy, in 
which four-helix bundles anchored by cyclic templates are 
more stable than those anchored by acyclic templates.37 In 
addition, comparison of the Meta596-Conjugate and 
Meta614-Conjugate suggests that variations in scaffold 
composition can be readily tolerated. It is also possible to tune 
the coiled coil thermal stability by altering the relative 
positions of the conjugation sites on the peptoid scaffolds, as 
reflected by the differences in TM between the Meta614-
Conjugate and Para614-Conjugate. The coiled coil formation 
relied predominantly on intramolecular helix-helix 
dimerization for all the additional conjugated species, as 
evidenced by the concentration-independent CD spectra 
(Figure S4), along with hydrodynamic diameters in the range of 
2 nm - 3 nm as measured by Dynamic Light Scattering (Figure 
S5). 

Conclusions 
In summary, we have promoted the folding of dimeric coiled 
coils by pre-organizing two helical peptide chains on designed 
peptoid oligomer scaffolds in a controlled fashion. Such pre-
organization was achieved by conjugating the N-termini of two 
coiled-coil forming peptides to peptoid side chains using Cu(I)-
catalyzed azide-alkyne cycloaddition reactions. Restricting the 
two N-termini in proximity enforces the formation of 
intramolecular coiled-coil assemblies. Macrocyclization of 
peptoid scaffolds was not required in order to significantly 
enhance the coiled coil thermal stabilities, whereas the 
relative sequence positions of two peptide chains appended to 
oligomeric scaffolds proved to be more important. Due to the 
built-in backbone rigidity and the conformational constraint, 
the macrocyclic peptoid scaffolds may be preferable for 
displaying multiple peptide chains that exclusively allow 
specific intermolecular associations in the construction of pre-
determined nano/micro-sized supramolecular architectures. 
Molecular Dynamics simulations indicated that the enhanced 
thermal stabilities of the templated coiled-coils were 
established by diminishing conformational heterogeneity at 
the N-termini along with promoting helix-helix collision 
frequencies. The use of peptoid oligomers for templated self-
assembly of peptide secondary structures will provide valuable 
constituents for design of more elaborate biomimetic 
architectures.69-70 These results will expand the capabilities of 
coiled coils for nanoengineering and biomedical applications. 
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